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HIS EXCELLENCY, C. S. MOREIIEAD, 

Governor of Kentucky: 

Sir: — Since the manuscript of the First Report of the Geological 
Survey of Kentucky was submitted the Geological Survey has been 
continued, both in the field and office, with unremitting diligence. 

The two Topographical Corps which the law required to be organiz- 
ed have been operating — the one in the east, chiefly in Greenup coun- 
ty ; the other in the west, chiefly in Hopkins county. The AVLstern 
Corps was detailed on the Base Line in August, on which work it is 
still engaged. 

In consequence of the indisposition of the gentleman who wns to 
take the direction of the Eastern Coips, in the early part of last sea- 
son, in the absence of the Topographical Assistant, when engaged in 
other parts of the State, the work in Greenup was somewhat retard- 
ed, but nevertheless it is hoped that during the present season the To- 
pographical work of that county will not only be completed, but the 
detailed survey extended across part of Carter into Lawrence. 

The Topographical Survey of Hopkins county was nearly comple- 
ted last August, when the Western Corps had to be detailed on the 
Base Liae. As that line traverses the State nearly centrally, and is 
intended to afford stations of departure, return, and interconnection, 
and is the main line to which all the Topographical work is to be re- 
ferred, it has not only been executed with all the accuracy which our 
means would afford, but it has been run open — i. e. cut out — so as to 
give it permanency of location easily recognizable. 
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My own Corps has been chiefly occupied in continuing the recon- 
noissance through the central counties of the State, defining the gen- 
eral boundaries of the formations, and unravelling their stratigraphical 
geology, making collections for the Chemical Department and the 
State cabinet of ores, coals, rocks, fossils, clays, soils, and sub-soils, 
and testing the mineral waters, qualitatively, at their fountain head. 

The Chemical Assistant has already completed and reported on, 
since his last report, two hundred and six analyses, as follows: 
48 iron ores of the limonite variety. 
22 iron ores of the carbonate variety. 
43 soils, sub-soils, and marls. 
31 limestones. 
30 coals. 

16 mineral waters and salts. 
4 copper and zinc ores, and bitumens. 
4 sandstones. 
2 pig-iron. 
2 shales and slatfts. 
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For the convenience of the printer, who is desirous of commencing 
the printing of the report early, in order to be able to have it com- 
pleted, as the law provides, by the time the Legislature is next in ses- 
sion, all that part of the report which is now completed, both General, 
Chemical, and Topogra ihical, has been arranged in the First Part of 
this report, while the reports to be subsequently completed will form 
the Second Part. 



GENERAL REPORT. 



CHAPTER I. 

AGRICULTURAL GEOLOGY. 

GENERAL REMARKS ON SOILS. 

The citizens of Kentucky are pre-eminently an agricultural people. 
In the Eastern and Northern States the wealth, influence, and intelli- 
gence of the population are, in a great measure, concentrated in cities, 
towns, and villages. Not so in Kentucky ; the substantial patriarchal 
farmer forms by far the larger and most influential part of the Com- 
monwealth. All, therefore, that relates to the cultivation of the soil 
is of very general interest. In prosecuting the geological survey of 
the State special attention has, therefore, been devoted to the Agricul- 
tural Department of the survey, especially during the two past seasons. 
Already upwards of one hundred and eighty soils have been collec- 
ted, upon a systematic plan, with reference not only to the subj icent 
geological formation, but also to various local modifications of soils, 
derived from the same leading formation, where a difterence or pecu- 
liarity in the lithological character of any underlying member indica- 
ted that there might be a marked character of the soils also. A large 
proportion of these soils have also been collected in sets of three or 
more from the same locality, with the following objects in view : Pla- 
cing implicit reliance on the capabilities of chemical science to indi- 
cate, by the analysis of soils, the ingredients removed by the cultiva- 
tion and han^esting of successive crops, it was hoped that by collect- 
ing samples of the virgin soil, and of the same soil from an adjacent 
old field, that not only the different substances asssimulated out of 
the soil could be ascertained, but also the exact proportion of these, 
so that the farmer might know precisely what must be restored to the 
land to bring it back to its original fertility. Hence, wherever a fa- 
vorable opportunity offered, the virgin soil has been collected in con- 
nection with a soil fi:om an adjoining field where the same timber for- 
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merly grew that now prevails on the site of the virgin soil selected. 
At the same time the sub-soil and under-clays were generally secured 
in order, if possible, to discover whether any or all of the materials 
required to enrich the land could be obtained from them, because, if 
so, that would present the most accessible source, and by far the cheap- 
est means of restoring the exhausted elements to the soil. 

A science which has extracted from the fixed alkalies metals lighter 
than water, that burst into flame the instant thej' come in contact with 
i:hat fluid; which has reduced from clay a metal bright as silver, yet 
light as marble, that resists coiTosion, that forms with copper an alloy 
having the color and brilliancy of gold; which distills from bones a 
body of the consistency of wax, so combustible that summer heat al- 
most suffices to inflame it; that prepares from kelp a body whose va- 
pors of the richest violet hues will render a silvered plate so sensi- 
tive to light that a few seconds suffice for impinging rays to paint 
their image on its surface; which compounds principles so subtile 
that a grain or two will impregnate the whole atmosphere of an apart- 
ment with the most deadly fumes, while the compound itself hardly 
loses any perceptible weight; which unites together the same siih- 
stances so as to form, at one time, the most active poison, at an anoth- 
er, by varying only slightly their proportions, a substance altogether 
inert. A science, I sa}', which has accomplished wonders like these, is 
surely capable of disclosing the mysteries of the chemistry of agri- 
culture. Indeed, it has already mastered and explained most satisfac- 
torily many of the phenomena; and, although there remains much 
still to be accomplished, it has already laid down some of the most im- 
portant principles for the guidance of the farmer, which, if rightly un- 
derstood and carried out in practice, cannot fail to be of the most es- 
sential service. 

Let us here briefly re^■iew some of the best established facts in ag- 
ricultural chemistry, since, in the deductions which I am about to 
make from the investigations on Kentucky soils, I shall have frequent 
occasion to refer to them; and, as many of my readers may have had 
no opportunity of making themselves acquainted with the recent dis- 
closures of this branch of science, it will be almost indispensable to 
precede this part of my report by the foUowing remarks. 

All plants obtain their nourishment partly from the atmosphere and 
partly from the soil. 
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The elements which form by far the greater part of the bulk and 
weight of plants are derived, either directly or indirectly, from the at- 
mosphere, or from the carbonic acid condensed in atmospheric and 
spring water. 

The mineral constituents which plants obtain from the soil, though 
always small in proportion to those assimulated from the atmosphere 
and water, being often only fractional parts of the whole substance of 
the plant, are, nevertheless, absolutely essential to their growth and 
maturity; and however important it may be that the farmer should 
aid nature in conveying to the roots of plants the atmospheric ele- 
ments, it is yet more indispensable for him to see that his soil is not 
deficient in any one of the mineral constituents demanded, because 
plants can assimulate these only through their roots ramifying in the 
soil, and have no other source whence they can be obtained, whereas, if 
time sufficient be allowed, vegetation will itself, without assistance, ap- 
propriate the others, which always floating in the air are wafted by ev- 
ery breeze to the spot where they may be required, precipitated by 
each rain or fall of snow to the ground, or attracted to the earth by 
reason of certain affinities existing between them and a few substances 
usually existing in soils. 

The most important substances derived from the atmosphere, which 
serve as nourishment for plants, are carbonic acid, water, and ammonia. 
Out of the carbonic acid, which is absorbed in part by the leaves and 
in part by the roots, previously condensed or dissolved in the water 
percolating the soil, the carbon is assimulated which forms more than 
one half the bulk and weight of the principal vegetable tissues and 
proximate principles, while at the same time the oxygen therewith 
combined is mostly restored to the atmosphere and there sustains the 
respiration of animals. 

Atmospheric water not only furnishes oxygen and hydrogen requir- 
ed by plants, but is the principal solvent, especially when charged, as 
it always is, more or less with carbonic acid, of the various mineral 
constituents of plants, which must be carried into their organs in a 
state of solution. 

Ammonia may be generated in soils from the decay of animal and 
vegetable substances, if they contain nitrogen; but this volatile alka- 
li is chiefly condensed out of the atmosphere by rain and snow, since 
that derived from the decay of organic substances has been mostly re- 
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ceived from the same source. However, the sulphate of ammonia 
and sal-ammoniac may be regarded as mineral products. Ammonia, 
both in its free state and combined with carbonic acid, is continually- 
being evolved from all decaying animal and some vegetable substances, 
but being in both these states very volatile it rises and escapes into 
the air, unless it meets in its nascent state with certain substances 
which have the power of fixing it, either by chemical affinity or absorb- 
ing it into their pores, such as humus, V('g(jtable mould, sulphuric .ic- 
id, charcoal, or muck. These will iinvfct the ammonia generated, 
which is otherwise dissipated into thi< atmosphere, to be again precipi- 
tated to the earth, as we have already said, by every shower of r.iin. 

This volatile alkali is one of the sources of the nitrogen of plants, 
which enters as an assential, though not most abundant element, into 
certiiiii proximate principles of [ilaiits, viz: vegetable albumen, casein, 
fibrin, and glutin, and of all thuse vegetable products which are alone 
capable of producing blood and muscle. The proximate principles, 
woody fibre, sugar, starch, gum, oils, and resins constitute by far the 
most bulky parts of plants. For the production of these carljouic ac- 
id and water suffice, since they contain no nitrogen. 

Although four-fifths of our atmosphere is composed of nitrogen, most 
vegetable physiologists contend that vegetation has little or no power 
to appropriate this niti'ogen directly from the air. During thunder- 
storms the electric discharges may produce nitric acid by the union of 
one equivalent of the nitrogen of the air with five equivalents of its 
oxygen, but a renewal of these discharges may again decompose it. 
Some writers on agricultural chemistry belie\e that nitric acid produc- 
ed in this way contributes a considerable amount of the nitrogen as- 
simulated by plants ; there are others, however, who, although admit- 
ting nitric acid, to a cei'tain extent, as a source of nitrogen in agricul- 
tural processes, yet contend that that nitric acid is chiefly derived from 
the oxidation of the nitrogen in ammonia, generated by the deciy of 
plants in the presence of fixed alkalies or alkaline earths. Still it ap- 
pears rhore than probable that primeval vegetation may have derived 
its nitrogen directly by absorption Irom the air, more especially since 
M. Ville's experiments go to prove that plants do absorb notable 
qaaaMtks of nitrogen — far more than can be accounted for either by 
the floating ammonia or nitric acid; besides, the principal present 
Bouitje of atmospheric ammonia, from the decomposition of vegetable 
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and animal matter, could not have supplied the volatile alkali before 
the existence of vegetables, whence all animal life derives its nourish- 
ment either directly or indirectly. This much, however, is certain, 
the great mass of vegetation receives its supply of nitrogen independ- 
ent of manure. This is true even of domestic plants. The proof is 
found in the fact that various crops may be grown on soils, while the 
nitrogen of that soil may even be on the increase. Again: we know 
that though millions of hides of buflklo and cattle feeding on the prai- 
ries and pampas, secured for the use of man, remove many tons 
of nitrogen, the productiveness of these native pastures is not im- 
paired, as fir as the nitrogen and organic elements of vegetation are 
concerned. The cereals would undoubtedly disappear fromiNorthern 
Europe if not fostered by cultivation; but it has been satisfactorily 
shown that this is not owing to any deficiency of nitrogen or the or- 
ganic elements of plants, but irom the exhaustion of the mineral con- 
stituents of the soil. 

The mineral food of plants, derived mostly or altogether from the 
soil, are phosporic add, sulphuric acid, potash, soda, lime, magnesia, 
oxide of iron, chlorine,* silica, and sometimes a little oxide of manga- 
nese. These do and must exist in all fertile soils, though in most ca- 
ses, (with the exception of silica and oxide of iron,) in proportions 
less than one per cent. 

There are certain chemical facts in relation to these two classes of 
vegetable food which deserve to be deeply impressed on the mind of 
the farmer, the misapprehension of which has greatly retarded the pro- 
gress of agriculture: plants cannot assimulate the one without the 
other, for the weight of the crop will always be in proportion to the at- 
tnospheric and niinerul food combined, and not to any one of them sep- 
arately, since no plant can come to perfection unless it contains the 
due proportion of each, as indicated by the chemical anahsis of both 
the volatile and fixed constituents. 

If the ammonia, nitrates, or nitrogenized principle is supplied in 
sufficient qu mtity the plant will take up from the soil a full supply of 
its appropriate mineral food, provided, always, the soil contains these 
in a soluble condition; but if the soil do not contain the mineral in- 
gredients, or if these be locked up in the soil in an insoluble condition, 

•Chlorine and sulphur occur locally in the atmosphere. 
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the most profuse supply of ammonia will be of no avail in forcing the 
crop, unless, in the form in which it is applied, it first acts in render- 
ing the mineral constituents soluble, as ammoniacal salts do to some 
extent. On the other hand, if there is an abundant supply of the 
mineral consituents in the available — i. e., soluble — condition, it is not 
indispensable to supply the ammonia or nitrogenous principle, because 
the plant cm appropriate it from the atmosphere, especially in climates 
where the summer is long and hot, and the winter short. In warm cli- 
mates the natural sources of nitrogen generally sulHcf, and in moder- 
ate climates an average crop can be obtained, if the soil have a full 
supply of mineral salts, without any addition of nitrogen but that 
which pfemts themselves can appropriate from the ammonia, nitric ac- 
id (or, perhaps, directly from the atmosphere, if M. Ville's experiments 
are to be relied,) which are continually conveyed to them through the 
medium of the surrounding air, especially if the soil be well aired by 
judicious tillage. 

The artificial application of ammonia, in the form of farm-yard, gu- 
ano, or other manures, is advantageous, particularly in cold climates, 
in hastening the assimulation of the mineral ingredients which proceed 
simultaneously with that of the nitrogen; and it is necessary, under 
the above conditions, in order to obtain the maximum production, since 
the more abundant the supply of nitrogen the more rapid wUl be the 
exti-action of the soluble miueval ingredients from the soil; hence, in 
the usual acceptation of the term, there is nothing more exhausting to 
a fertile soil than the free use of nitrogenized manure; but if the 
farmer's object be to make money rapidly of course the heavier the 
crop, in the shortest time, the better; but he need not expect to do 
this without drawing largely on the resources of his land. Therefore, 
if he desires to keep his land in ''good heart" he must return to the 
soil every j-ear, or every ^e^w years, a portion at least of the mineral 
ingredients carried off by each successive crop. Herein lies the art of 
successful and thrifty farming in all fertile districts. 

The inference to be drawn from the preceding is, that ammoniacal 
salts alone will not keep up permanent fertility. The cheapest source 
of nitrogenized manures seems to be good* guano, at least in all dis- 
tricts convenient to the seaboard. 

delu/ H I tdXat^!""" '° ^"'"'^ '■^' '''^' °' ''^"^"' ""'^''^^ °' euano. and a great 
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Plants can grow in a soil altogether destitute of organic and nitro- 
genized principles, as is evinced in volcanic districts, where the wild 
fig-tree springs up from the interstices of the cellular lava, while it is 
still hardly cooled, and from which, of course, every particle of organ- 
ic matter must have been expelled, if it ever existed, by the molting 
heat to which it had been exposed. Yet the fig-tree must have organ- 
ic food, to be assimulated and form the principal substance of the tree. 
Where else is it to be derived, in this case, but from the atmosphere ? 

Pines, too, grow on soils almost destitute of organic matter. 

An acre of ground will yield 98,000 pounds of the fruit of the 
banana annually, year after year, which contain 17,000 pounds of 
carbon, and yet, at the end of half a century or more, the ground will 
be found richer in organic matter than at the commencement, from the 
decay only of the fallen leaves. 

The cattle raised in France, according to good authority, consume 
in their food 76,789,000 pounds of organic matter, which is six times 
more than they restore to the soil ; and on farms, generally, there is at 
least three times as much organic matter carried off as is ever restor- 
ed. It is estimated that the annual destruction, or rather transmuta- 
tion more properly speaking, of organic matter on the earth, is 140,- 
000,000,000 of pounds, or upwards of 2,200,000,000 cubic feet. If 
vegetation, then, depends for its supply of organic matter on that 
which is in or on the soil, there would require to have been, 5,000 years 
back, in order to supply this consumption, an accumulation of organic 
matter on the ground of ten feet thickness; but three and a half grains 
of carbonic acid condensed in every pound of water would, according 
to Schubler, afford the amount of carbon required for the exigencies 
of plants, while one-thirteenth of a grain of ammonia in every pound 
of water would furnish all the nitrogen required, less than the amount 
found in any spring water. It is evident, fi:om the above, that vege- 
table life must derive its principal supply of organic food from other 
sources than the soil. 

It is well known that in poor sandy soils the crops raised are short 
and meagre, but it is not generally known what is the proper means of 
reclaiming such land. This was most satisfictorily shown by seven 
years experiment, undertaken by Liebig on ten acres of barren sandy 
soil, in the vicinity of Giessen, and conducted upon purely chemical 
principles, for the purpose of either confirming, modifying, or refuting 
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his inferences derived from the chemical analysis of soils and the ash- 
es of plants. These ten acres, at the time of the- purchase, did not, 
as we are informed by the experimenter, support a sufficient growth of 
grass and herbs to sustain a single sheep. After the lapse of four 
years this poor sandy land was brought into such a condition as to 
supply the wants of a family who kept two cows, raised annually sev- 
eral oxen, besides the means necessary to erect buildings on what is 
now a small farm. 

It is important here to remark, that this was all effected without 
the aid of ammonia, humus, vegetable mould, or nitrogenized ma- 
nures, since there was little or none, either in the soil when first put 
into cultivation, or included in the mineral manures applied; which 
where composed of phosphates, fixed alkalies, soluble silica, and sul- 
phates. With these alone he was enabled to raise trees and perrennial 
crops that acquire their nitrogen only by degrees, and therefore take 
up the mineral constituents proportionally slowly. He did not, how- 
ever, succeed so well with the cereals, such as wheat, rye and oats, 
until he added, along with the mineral manure, saw-dust, T\hieh by 
decomposition urnished carbonic acid, which acting as a solvent over 
these mineral applications, In-ought them into Sdlution laster, and con- 
sequently the assimulation of ammonia or nitrogen was proportionallj'' 
hastened. 

For the reason previously stated more abundant crops could have 
been obtained by the application of ammoniaoal manures, but these 
were entirely dispensed with in this experiment, as its principal object 
was to test the correctness of the chemical re asoning which maintained 
the indisp ens ability of the mineral constituents, and to prove that the 
barrenness of this poor soil was due to the absence of these in its com- 
position. 

Of course this experiment was attended with considerable expense, 
the outlay being .^5070, exceeding greatly the value of the crops har- 
vested, but this only proved that the owner of barren land labors 
under great disadvantages, since the fertilizing of soil, almost destitute 
of the mineral food of plants, involves an expenditure which exceeds 
the price of the most fertile soil, consequently it is seldom, if ever, 
that land so completely barren as this is brought into cultivation ; 
nevertheless it demonstrated most satisfactorily the important fact to 
the agriculturalist, that to be a successful farmer he must know and 
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understand the mineral composition of his soil, and that all lands, 
however fertile, must, after a time, lose their fertility if the mineral 
constituents of plants, removed in each harvest, are not ultimately re- 
stored or developed by renewed disintegration of the soil. It is the duty 
of the farmer, therefore, if his land is deficient in any of the mineral 
constituents, to illiminate or add these, and to endeavor to keep up 
the supply of those that are in sufficient abundance in the original 
soil. 

All of our Kentucky farmers are aware that land is improved by 
turning in green crops, but few understand the principle on which it 
depends; and being ignorant of this they are incapable of judging, 
unless it be by very long experience, which kind of green crops are 
the most applicable. It may be useful, therefore, in this place, to treat 
briefly on this subject. 

Green crops, especially those which present an extensive surface of 
leaves, are able to appropriate, if there be a sufficient supply of its 
mineral constituents in the soil, a very large proportion of their weight 
and bulk out of the elements in the atmosphere. When turned un- 
der by the plow they are in the best condition to enter rapidly into a 
state of decomposition, and thus enrich the soil in the same manner 
as well preserved and well rotted manure; while, at the same time, the 
soil is not deprived of any of the mineral constituents, since these are 
restored. Besides these benefits those green crops which have deep- 
seated, searching roots, absorb and pump up from the substratum solu- 
ble mineral ingredients beyond the reach of the roots of any other 
plants, which are thus made available for the succeeding crop. 

It follows, from the preceding, that those green crops will be the 
most servicable which have the most extensive leaf-surface and largest 
roots, provided, always, the soil is adapted to their growth — which 
means, contains the mineral lood which they require. For instance : 
1,000 parts of dried red clover will require 75 parts of mineral con- 
stituents, in the following proportions: 

Lime, 37.1 

Potash, 26.7 

Soda, 7.1 

Phosphoric acid, ------- 8.8 

Sulphuric acid, 6.0 

Chlorine, 4.8 

3 
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Silica, ...,.-.- 4.8 

Magnesia, ....-- 4.5 

Peroxide of iron, ------ 

If the soil is deficient in any one of these chemical substances, it 
will not be suitable for clover, especially if lacldiig lime and potasli, 
which are in large proportions. In such cases other green crops 
should be selected, better adapted to the composition of the soil. 

Green croping is the least laborious way of manuring land, and the 
cheapest method when labor is high, but is, probabl}-, not the most 
economical where labor is cheap, or near large cities and seaports, 
where guano and oiher manures can be obtained at a reasonable rate. 

During last summer a soil was collected in Bullitt county, from an 
old field which has been Jjfty to sixty years in cultivation, and which 
will now no longer produce clover. I will venture to predict that when 
the analysis of this soil shall be com[)leted it will be found to be defi- 
cient in some of these constituents, and the analysis will probably 
show what other green crop might succeed better for the renovation of 
such land. 

If a soil contains a sufficient supply of the mineral constituents of 
plants, in a soluble condition, no benefit will be derived from the ap- 
plication of mineral manures to such land. This is one reason why 
many farmers have been disappointed in benefits they expected from 
their use. 

Different crops require particular mineral ingredients, and in diiler- 
ent proportions from others; therefore, when manures are to be added 
not only the chemical composition of the soil should be taken into 
account, but the kind of crop that is to be raised on the land. Pota- 
toes appropriate from the soil potash and sulphuric acid in larger 
proportion than the other mineral constituents, hence soils rich in these 
mineral constituents are best for this crop, and ashes and gypsum are 
good applications, after repeated crops, of this tuber. 

The same plant always contains the same mineral constituents. 
The only exception to this rule is, that in certain instances the alkalies 
replace lime, or the reverse. The first of these axioms in agriculture 
is strikingly exemplified in tobacco. Potash is so invariable and 
essential a constituent of this plant, that the government of France 
who has a monopoly of the tobacco trade, caused an extensive series 
of analyses of this plant to be made, by which it was ascertained not 
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only that potash is a constant ingredient in its ashes, but existed in 
variable quantities, corresponding to the quality of the tobacco. These 
analyses finally demonstrated that the value of tohacco stands in a cer- 
tain relation to the quantitij of potash contained in its ashes, and that 
this furnishes the best means, not only of estimating the value of the 
tobacco, but of distinguishing the difiisrent soils on which the tobacco 
has been cultivated. And it was further shown, that just in proportion 
as certain kinds of celebrated American tobacco deteriorated in quality 
the quantity of ashes diminished. This was, no doubt, due to the soil 
on which it grew becoming gradually exhausted of the potash and 
lime, which are the principal constituents of the ashes of tobacco; 
and these, fortunately, can be entirely replaced by mineral manure, if 
we include in the term sulphate of ammonia and sal ammoniac. 

The waste of manure is, therefore, a serious loss to mankind. In 
the preservation of these the Chinese nation are much more partic- 
ular than we are, the knowledge of the value of manures having, 
doubtless, been brought more immediately home to them, by reason 
of the density of the population, which necessarily gives to all agri- 
cultural produce a high price. 

One load of well preserved manure is worth ten loads of manure 
that has long laid exposed to the weather. To prevent the liquid ooz- 
ings from running to waste, and the ammoniacal vapors from volatil- 
izing, the manure-pile should not only be placed under shelter, but 
disposed in a pen with a slightly inclined floor, so that the liquid part 
can be run into reservoirs placed to receive it, from which it can be 
either carried separately on to the land, or pumped up from time to 
time over the mauure-pUe which has been disposed, with proper absorb- 
ents to retain it, which may be such as will also fix the ammonia, such 
as alternate layers of muck, decayed wood, vegetable mould, clay, 
charcoal powder, or the proper quantity of diluted sulphuric acid, viz ; 
just sufficient to prevent all odor from arising from the pile, without 
arresting the proper decomposition of the mass. 

When ammonia or nitrogenous matter is exposed to the action of 
moist air or oxygen, in the presence of alkalies or alkaline earths, the 
nitrogen becomes oxidized with the production of nitric acid, which com- 
bines with the base to form a nitrate, and the process is known under the 
name of nitrification. In this way the nitrogen of fresh urine can be 
fixed, but if the lime be added to manure in a state of fermentatioa, 
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where ammonia is being generated, it will have the effect to expel the 
ammonia with loss of its nitrogen, at least for this particular locahty. 
A natural process of nitrificaction takes place in the open fields where 
the bases are present ready to combine with the nitric acid. 

By a recent analysis of rain water, collected at the Paris Observato- 
ry, there was found rather more nitric acid than ammonia to be present. 
The nitric acid was most abundant after storms; and in the months 
when it was found most abundant there was least ammonia. 

Dr. Gibert's investigations on the relative amount of nitric acid 
and ammonia in rain water give ixcJxoo of nitrogen, in the form of 
ammonia, and ,,cf;J,,oo in that of nitric acid. Ammonia he found most 
abundant in mists and dews. He found the quantity of nitric acid 
variable, at different seasons of the year, but most abundant after 
storms. He is disposed to think that nitiic acid is probably equally 
efficacious with ammonia in supplying nitrogen to plants; and being 
more abundant, according to his observations, than ammonia, must fur- 
nish a larger supply to vegetation than ammonia, which had generally 
been supposed to be the principal source of that element. Gypsum, 
in a certain condition of humidity of the air, is an absorbant of carbo- 
nate of ammonia, by reason of the mutual chemical affinities excrled 
between the sulphuric acid and ammonia and the carbonic acid and 
lime. Burnt clay also attracts ammonia. 

The insoluble mineral constituents gradually become soluble in time 
by the action of air and water on the soil. It is upon this principle 
that fallow, or what is improperly called rest, increases the fertility of 
land. 

The solubility of some of these mineral ingredients, as for instance, 
silicate of potash, is hastened by the action of lime on the soil. The 
presence of carbonic acid, and prolably also ammoniacal salts, increases 
the solubility of the mineral constituents. Much of the benefit 
experienced by the decay of vegetable and animal matter is due to the 
formation of such compounds, and the subsequent solvent action they 
exert on the mineral constituents. 

Frequent tillage, by exposing new particles of soil to the air, and 
rendering it finer, facilitates the development of the soluble mineral 
salts in the soil; but it has, at the same time, one deleterious effect, 
in causing the too rapid decay of the organic constituents of the soil, 
at a time when the crop cannot be benefited by it. It is upon this 
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principle that Schleiden, in Germany, has recommended the less fre- 
quent use of the plow, and looks upon plowing as a "necessary evil — 
one to be employed only so far as necessity requires — because in 
the too frequent loosening of the soil the decomposition of humus is 
so rapid as to overbalance the benefit from exposure to the air." 

It has been shown by S. Smith that in countries where labor is 
cheap the fertility of exhausted land can, to a great extent, be restored 
without anj' kind of manure, by a simultaneous system, on one and the 
same pieces of ground, of fallowing strips of three feet in width, and 
drilling in the grain on alternate strips of three feet, in rows one foot 
apart, sowing single grains every three inches in the drill, in connec- 
tion with a system of spade husbandry, carried on while the crop is 
growing by which the alternate three feet of fallow ground is turned 
over, so as to expose, each season, from four to six inches of the sub- 
soil. The planting of wheat took place the beginning of autumn, and 
the spade trenching as soon as the plants were fairly up. In spring 
the wheat rows were well hoed and hand-weeded, and the intervals 
stirred with a one-horse scarifier. In this way, on a field which had 
been severely cultivated for a century, he raised, Irom a little over one 
peck of seed, thirty-six to forty bushels of wheat to the acre, or rather 
half acre, (since only one half the field was in reality planted,) and 
the grain off each acre sold for a clear profit of $38 over and above the 
cost of the labor of production. He employed six men at twenty-four 
cents a day, who dug an acre in five days. 

This system of renovating exhausted land is based altogether upon 
the system of bringing fresh particles of soil to the action of the air, 
by which the insoluble mineral constituents become soluble by degrees 
in sufficient quantities to meet the wants of vegetation, which proves 
that judicious tillage is equivalent, for a time, to manuring the ground. 

M. Baudrimont has shown, that there are what he calls "insterstitial 
currents" in arable soil, which bring up, by a kind of capillary action, 
the soluble, saline constituents from the sub-soil to the surface. The 
advantages of fallow are in part due to this natural circulation in the 
soil. 

Ground rich in organic matter or humus, in consequence of its ab- 
sorbent power of moisture, stands drought much better than soil poor 
in these ingredients. It is also much warmer, for the darker the earth 
the better adapted it is to receive the suns rays. These are two of 
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the principal benefits wbich agriculture derives for either natural or 
artificial organic manures, independent of the atmospheric fertilizers, 
which are absorbed into the earth simultaneously with the moisture. 

The practice of a rotation of crops is founded upon the fact that 
difierent plants assimilate different proportions of the mineral constit- 
uents; for example, wheat requires a much larger proportion of silica, 
phosphoric acid, potash, and magnesia than oats; barley demands 
more silica and less potash and phosphoric than corn; and potatoes 
assimilate more potash and less lime than turnips; clover and grasses 
generally, as well as peas and vetches, require much lime. 

Now since it should be an axiom in agriculture to endeavor to re- 
tain the due balance or proper proportion oi' the mineral constituents, 
the same crop should not be put suectsslvely on the same ground, 
nor should two crops follow one another, both of which require large 
proportions of the same ingredients; for instance, wheat should not 
be followed liy rye, because they both assimilate large quantities of 
soluble silica, potash, magnesia, and phosphoric acid ; but should be 
followed by clover, which requires much lime, and less of the other 
ingredients ; then potatoes might follow, which require comparatively 
little lime and phosphoric acid; this may be followed by corn, which 
appropriates more phosphoric acid and silica and less potash. Thus 
not only is time given for those ingredients, removed in largest quan- 
tities, to be renewed by further disintegration of the soil, and the ac- 
tion of solvents, but the too rapid exhaustion of one or two of the 
constituents of the soil avoided. 

Again: two plants do not succeed well together, or after each other, 
that have roots of equal or nearly the same length, because they draw 
their sustenance too much from the same stratum of earth. 

If a cheap source is at hand, of such mineral manure as contains 
the ingredients removed by any given plant, then a rotation of crops 
becomes unnecessary, and the farmer may then raise, on the same land, 
in succession, whatever he finds most profitable. The establishment 
of the fact that rotation of mineral manures may be adopted as a 
substitute for a rotation of crops, is one of the great boons ^vhich 
agriculture has derived from chemistry. 

In order to obtain a maximum produce there must be, as we have 
already remarked, a correspondence in the proportion of the available 
mineral and atmospheric constituents ; an excess of either beyond the 
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due proportion will not increase the harvest. It was for want of a 
proper understanding of this law of agricultural chemistry, together 
with that previously stated, that the addition of mineral manures alone 
to land, already containing enough for the necessities of the plant, 
would not increase the crop, that led some of the leading agricultur- 
ists of England to the most erroneous inferences, from experiments 
which they instituted on the application of mineral manures, as to their 
importance and value, and which caused them to reject and discoun- 
tenance what they denominated ''Leibig's Mineral Theory.'''' 

Leibig has, however, in an admirable little work published in 1855, 
under the title of "Principles of Agricultural Chemistry," conclusive- 
ly demonstrated, not only the correctness of his views, but has shown 
most satisfactorily that the very experiments deduced to disprove his 
doctrine tend, on the contrary, to confirm and strengthen the chemi- 
cal reasoning which led him to teach that no soil could be a fertile one 
that was deficient in the inorganic or mineral constituents found in the 
ashes of plants; that it was of no avail to add nitrogenized manures 
alone to land, where these were absent or very sparingly distributed, 
and that it was of more importance to restore to exhausted barren 
lands these mineral ingredients, found in the ashes of plants, than am- 
monical or other nitrogenized and purely organic manures; because, as 
has been already explained, these can, in due time, be appropriated from 
the atmosphere, spring, and rain water. 

In promulgating this doctrine it was never intended to depreciate 
the importance of the nitrogenized organic manures, but to explain 
under what circumstances they might be applied with advantage; al- 
so, to correct an error which led many to estimate the value of a ma- 
nure by the nitrogen, or at least only from the organic constituents 
which it might contain. 

The chemical investigations of the soils of Kentucky bear ample 
testimony of the justness of Liebig's doctrines, as will appear in the 
sequel. 

There is invariable enough of silica in the soil for the use of plants, 
but it is not always in the soluble form required for assimilation. 
When plants lodge, that is, when the stalks of plants are so weak and 
feeble as not to be able to support the weight of the head, it is an indi- 
cation that there is not sufficient solMe silica for the use of the plant. 
In such case, it is not an application of silica that is indicated, but of 
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potash or lime which will render the silica soluble. Fallow, however, 
will often effect the same end. When, on the contrary, the head does 
not fill out properly, it proves either that there is a deficiency of phos- 
phoric acid in the soil, or that it is in an insoluble condition. When 
the leaves look fresh and green it is an indication that they have a full 
supply of ammonia; when they appear reddish it is from deficiency of 
this alljali. 

Lime applied to soil not only hastens its disintegration, but it acts 
energetically on the organic matter of soil, rendering it soluble and 
available. In this way, it is true, it exhausts a soil, but only in a 
vcccssaru vray, if high farming is the object. Lime also corrects acid- 
ity of soils. For both reasons lime may be applied to much greater 
advantage, and in larger quantity to land rich in organic constituents, 
than to a soil nearly destitute of it. 

The purest limestones are by no means the best as fertilizers of land, 
because accidental admixtures of clay, phosphoric and sulphuric acid, 
and alkalies are valuable additions to the soil. 

If lime is deficient in a soil the application of gypsum sometimes pro- 
duces a sour reaction by the liberation of sulphuric when there is no base 
ready to neutralize it. In such case caustic lime should be added 
along with the gypsum, which will effectually counteract this tendency. 
The more soluble the constituents of a manure the more valuable it is, 
since it acts promptly and its benefits are obtained without waste of 
time and consequently capital. In such a condition it is of course 
stronger and more concentrated, hence due caution is required in the 
quantity applied. 

In urine the salts are in a more soluble condition and its nitrogenous 
principles enter more quickly into a state of putrescence than in solid 
dung, on this account the former is more forcing, but the latter con- 
tains more of the phosphates. For this reason urine and the soluble 
salts generally are leaf-producing, as these salts predominate in this 
part of the plant, while the dung and the more insoluble salts are grain- 
producing. Both must be united to produce a truly efficient ma- 
nure. 

Ashes are not always the best form to supply potash to land near 
large cities, as salts rich in potash can often be obtained. Ten to fif- 
teen cents worth of which would be equal to thirty bushels of ashes. 
Nitrates of alkalies are good substitutes for ashes. 
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On stock-farms, where young animals are reared and sold, when 
they come to maturity; also on dairy-farms, where milk, butter, and 
cheese are prepared for market, there is necessarily a great drain upon 
the soil, principally in phosphate of lime or bone-earth. It has been 
estimated that there is removed one thousand pounds of this bone- 
earth in the shape of veal, butter, and cheese derived from twenty cows, 
pastured during one summer on a farm. Chiefly by this means, and by 
the successive crops of wheat exported from the Genesee and Mo- 
hawk vallies, the average crop of wheat has been reduced from thirty- 
five to forty bushels to twelve and a half bushels per acre, and this 
reduction has been proved to be, in most cases, due to the removal of 
phosphoric acid from the soil. 

Sandy soils are greatly improved by the application of absorbents, 
such as muck, humus, vegetable mould, charcoal, coal-dust, and clay, 
because pure sand has comparatively a small absorbent power, and 
allows what ammonia and nitrates may have been brought down by 
rains to evaporate again into the atmosphere, or filter through it. 

It is very essential that a soil be made by tillage porous, since all 
the rain that runs off, without soaking into it, carries away with it 
ammonia, nitrates, and other fertilizers, which would otherwise be 
absorbed and appropriated. There is another great advantage in ren- 
dering the soil porous: free access of air is admitted, and more 
carbonic acid admitted with the water, so that, independent of the 
service rendered by carbonic acid, as a source of carbon, it exerts a 
greater solvent power of the mineral constituents of the soil, and thus 
renders a larger supply available. There is, however, this drawback 
in frequent tillage, that should be borne in mind, as already hinted at, 
that it accelerates the decomposition of the organic principles. 

The free access of air, and consequently of oxygen, also counteracts 
any deoxidizing effect which any of the constituents of the soil may 
possess, such as protoxide of iron, which, by absorbing oxygen as it 
passes into the state of peroxide, has an injurious influence on vegeta- 
tion. In contact with air it gradually passes into the state of peroxide, 
which, on account of its absorbent effect on ammonia, is serviceable. 
The free access of air also corrects acidity by developing bases which 
neutralize the free acids. It promotes the formation of carbonic acid, 
and sometimes also of nitric acid, by the oxidation of the carbon and 
nitrogen of organic principles in the soU, both of which act beneficial- 
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ly, as previously explained. It hastens the decomposition of the soil, 
and therefore liberates fresh mineral fertilizers. 

In thickly settled countries, where farming produce is high, and 
labor cheap great advantage has been obtained from under-draining. 
In the western country what little draining has been done has, for the 
most part, been effected by open ditches. Under-draining has many 
advantages over open ditches. It does not cut up the ground, nor 
foster weeds. All the water, in passing through the soil, gives up its 
condensed fertilizers, which are, in a great measure, lost in the flow of 
surface of water. In its passage downwards it removes or changes 
effete matters, secreted from the roots of plants, which are deleterious 
to vegetation. Under-draining also warms the surface-soil, and the 
cooler substratum condenses the moisture out of the atmosphere, which 
has free access to it; this, in a great measure, counteracts droughts, 
besides effecting all the good already indicated, as obtained by a free 
access of air to the soil. Under -draining is said, also, to prevent the 
dying out of grasses, by keeping their roots free from injurious influ- 
ences; to distribute nutriment more effectually; besides removing 
excess of water, and thus deepening the surface-soil. It renders vege- 
tation earlier in spring, and prevents the freezing out of the grain in 
winter; too rapid evapoiation of the water, and the formation of a hard 
crust on the surface. 

We are apt to regard draining as requisite only for wet and low 
swampy ground, but experience seems to prove that it is nearly equal- 
ly beneficial in counteracting too great dryness. It is estimated by 
farmers, in districts where it has now become an almost universal 
practice, that it increases the profit on the land ten to twelve per cent. ; 
and pays for expenses of underdraining in three years. It is said, 
also, and I have little doubt of the fact that it removes the malaria or 
whatever other cause produces intermittent fevers; so that these diseases 
have almost disappeared from districts affected with such disorders pre- 
vious to its introduction. In addition, investments made in under- 
draining farms have proved to be amongst the safest now made in the 
farming districts of England, and the government of Great Britain 
encourages it by loaning money at five per cent, to aid in extending 
this system; and money can be obtained on easy terms from other 
sources for the same purpose; all of which is sufiicient proof of its 
success in a pecuniary point of view in that country. 
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That it would be equally beneficial to our lands there is little doubt; 
whether it would pay is a question that still remains to be proved. 

It may be well, in this connection, to mention that the stiff clay 
soils usually prevailing in Kentucky in the vicinity of the Black De- 
vonian Shale are lands that can hardly be brought into successful cul- 
tivation without draining ; and it appears that this shaly rock, when 
sufficiently hard and tabular in its structure, may answer as a tolerable 
substitute for the manufactured under-drain tile, where these cannot be 
obtained. 

Our country is, probably, in a condition to be benefited, at present, 
more by sub-soil plowing; though to derive the full advantage from 
this system it should be combined with under-draining. Accord^ 
ing to the most approved method of subsoiling, at present practiced, 
the subsoil is only loosened — not turned up on the surface — and for 
this purpose Mapes' form of sub-soil plow is generally adopted, since 
it may be worked, in most cases, by a single yoke of oxen. It is con- 
sidered advisable only to disturb a few inches of the sub-soil each 
season, as some sub-soils require considerable exposure to the air before 
their fertilizing effect is developed, and a mixture of too great a quan- 
tity of this at a time, with the surface-soil may, sometimes, injure the 
crop. 

During the progress of the survey I have met with but one instance 
where the benefits of deep plowing and sub-soiling have been at all 
doubtful. That case was in Nelson county, on the waters of the Chap- 
lin fork of Salt river, along the range of the out-crop of the silicious 
mudstone intercalated in the blue limestone, on Mr. Beauchamp's farm. 
If it really proved injurious it was probably because too large a por- 
tion of the subsoil was mixed, at one time, with the surface-soil. We 
shall, however, be better prepared to give an opinion on this subject in 
the second part of this volume, when the chemical analysis of this 
soU and sub-soil shall have been completed. 



CHAPTER II. 

AGRICULTURAL GEOLOGY. 

KENTUCKY SOILS. 

On a former occasion I alluded to the distinctive characters which 
might he observed even in the external appearance of Kentucky soils, 
based on the principal geological formations. I shall now point out 
more precisely in what that difference consists, by presenting a com- 
parative view of their chemical constitution, selecting, for this purpose, 
some of those specimens, at this time collected, and of which Dr. Pe- 
ter has now completed the chemical analyses, placing them here for the 
sake of convenient reference and comparison, in apposition. 

{A) is a virgin soil from the Leptaena, Pleurotomaria and Bellero- 
phon beds of the Blue (or Lower Silurian) Limestone of Woodford 
countj^ 

{B) is a virgin soil from the Magnesian Limestones, under the Cor- 
alline bed of the Falls of the Ohio, belonging to the Upper SUurian 
System, collected in the eastern part of Jefferson county. 

(C) is a virgin soil, over the Lithostrotion beds of the Sub-carbonif- 
erous Limestone of Barren county. 

{D) is a virgin soil from the Coal Measures of Ohio county. 

{E) is a virgin soil from the Quarternary Formation of Henderson 
county. 
In 100 parts of the soil, dried at 300° — 
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99.648 99.774 100.100 100.683 100.060 



Moisture driven off at 300°, - 4.700 4.420 2.340 1.740 2.042 
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The Woodford soil (A) of this table supports a growth of sugar- 
tree, pig-nut, hickory, hackberry, ash, walnut, mulberry, buckeye, and 
box-elder, with an under-growth of pawpaw and elder. It was collect- 
ed from the water-shed between Grier's and Clear creek. 

The predominating growth, in that part of Jefferson county where 
soil (B) was collected, on gently rolling land near the sources of 
Floyd's fork of Salt river. Goose, and Harrod's creek, is beech mixed 
with hickory, ash, walnut, cherry, and poplar. 

In the early settlement of that country, that portion of Barren 
county where the virgin soil (C) was collected, was emphatically a 
grass country — the "Barren grass" reaching as high as a man's head; 
now a large portion of the country of the Barren limestone region is 
grown up with small oaks. 

The Ohio county soil (Z>) is only an average specimen of a Coal 
]Measure soil, supporting a growth of white oak, hickory, ash, and 
poplar. 

The Quarternary soil (U) of Henderson county, is characterized by 
a large growth of white oak, poplar, and walnut. 

The Blue limestone soil of Woodford (A) is peculiarly well adapted 
for the growth of hemp. On some farms this crop has been grown, al- 
most without interruption, for twenty successive years, and still the 
land is exceedingly productive. 

The soil derived from the blue limestone and marls of the Lower Si- 
lurian Period, in Kentucky, are remarkably genial to the growth of 
grasses— to blue grass in particular — as is evinced in the remarkable 
development of the stock pastured on the Blue Limestone Region gen- 
erally. For the most part they are almost a year in advance in bulk, 
weight, and form, to the stock raised on the soils derived from the Car- 
boniferous group. 

The acknowledged superiority of this soil is evidently due to the 
preponderance of the mineral constituents, lime, phosphoric acid, and 
the alkalies. It contains, as will be seen, fourteen times as much lime, 
three times as much phosphoric acid, and more than twice as much 
potash as soil (Z>,) from the Coal Measures. Its superior fertility bears 
no relation to the organic and nitrogenous constituents, for it has no more 
of these than many soilc far inferior to it in productiveness. The large 
amount of alumina, and oxide of iron, no doubt also greatly contrib- 
utes to the permanent fertUity of the blue limestone soils, since these 
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not only materially aid in condensing ammonia out of the atmosphere, 
but the former retains and prevents the soluble salts from filtering 
away beyond the reach of the roots of plants, and by gradual disinte- 
gration supplies, by de,2;rees, soluble salts of potash, which are being 
continually liberated from their original insoluble combination of sili- 
cate of alumina and potash, existing originally in the rocks and miner- 
als from which clays have been derived. 

Though the Woodford county blue limestone soil does not yield to 
carbonic acid water quite as much soluble saline matter as the sub- 
carboniferous soil No. 234, of Wayne county, or as the quarternary 
soil No. 12 G, of the former report, yet it still stands third in the list, 
even in the quantity of soluble ingredients ready for the use of vege- 
tation. It resembles, in its composition, some of the fertile soils near 
TuUn, in Lower Austria, except that in the Austrian soil the alkali 
seems to be almost entirely soda, while the Kentucky soil has both 
alkalies — the potash predominating over the soda. It has, also, much 
the same constitution as a very fertile soil of Hungary, near Esakang, 
except that in this soil, likewise the soda predominates over the pot- 
ash, and it contains considerably more magnesia than the Woodford 
soil. 

In this connection I would especially call the attention of the farm- 
ers of Woodford county, and those of the blue grass region generally, 
to the important fact that the sub-soil No. 552, of this report, taken 
from a foot beneath the surface, in an old field adjoining where the vir- 
gin soil {A) or No. 550, of Dr. Peter's Report, and therefore within 
easy reach of the sub-soil plow, is even richer in all the mineral fertili- 
zers, except sulphuric acid and soda, than the virgin soil (A) itself, al- 
though the old field, from which this sub-soil was collected, has been 
in cultivation ever since 1808. Herefrom we have a sure guarantee 
of a cheap and easy means of restoring this variety of the blue grass 
land of central Kentucky, when its fertility diminishes, simply by 
gradually stirring up with the sub-soil plow, this invaluable store of 
mineral fertilizers, which, by judicious management, may be said to be 
almost inexhaustible. 

The chemical analysis of a red under-clay from the east part of Fay- 
ette, No. 509, shows a corresponding richness in mineral fertilizers. 

In my special report, made last February, the difference was exhib- 
ited between the Blue Limestone soil of Woodford, of the Lower Silu- 
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rian Period, and a soil from the eastern part of Jefferson county, col- 
lected over the Magnesian Limestone of the Upper Silurian Period, that 
underlie the Coralline beds of the Falls of the Ohio, of which the 
analysis is given in column (C') of the foregoing table. These re- 
marks are here inserted for the benefit of those who may not have had 
an opportunity of seeing that report. 

"It will be perceived, from the foregoing comparative analyses, that 
the acknowledged superiority of the blue limestone soil does not de- 
pend, as is usually supposed, on its greater richness in organic matters, 
since, in fact, it contains 0.225 less of these principles than exists in 
the Jefferson county soil. This is also proved by comparison with the 
analysis of the Fayette county blue limestone soil, given on page 277 
of the first Geological Report; for in that soil the organic and volatile 
matters are only .004 more than in soil (B) of the above table. On 
the contrary, these comparative analyses, as well as many others which 
will be hereafter furnished in the succeeding reports, give abundant 
evidence that it depends on the greater proportion of inorganic con- 
stituents, viz : the phosphates, sulphates, and alkalies ; although these, 
as may be observed, do not amount, in either soil, to a large per cent- 
age; together ^vith the much larger quantity of alumina and oxide of 
iron, which is 5.481 per cent, more in (A) than in (B). It is now well 
established that phosphates, sulphates, alkaline earths and alkalies are 
essential constituents of plants and must form a part of their food ; in 
fact, the cereals cannot come to perfection and form a nutritive grain for 
man oi animals, if the soil is destitute, or even very deficient, in phos- 
phoric acid; and, though we are accustomed to view a soil proportional- 
ly rich to the larger or smaller quantity of vrgetahle mould it contains, 
yet the presence of the above inorganic constituents are as essential and 
more difficult to restore, when once exhausted, inasmuch as they can- 
not, like the organic, be appropriated out of the atmosphere, but must 
be renewed, either by disintegration of the rocks which contain them, 
and from which they are originally derived, which must necessarily be 
a slow and tedious process, or by the lalior and expense attendant on 
the transportation of guano, bone-earth, and a few other varieties of 
manures in which these substances are contained. Indeed, some of the 
earthy fixed constituents of soils, especially the alumina and oxide of 
iron, i. e. ferruginous clays, are important vehicles, through the inter- 
vention of which ammonia is absorbed and fixed out of the atmosphere, 
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and it is mainly from the presence of lime in the soil that nitric acid 
is produced; a remarkable fertilizer; either from the elements of am- 
monia, as evolved in the nascent state from decaying animal and 
vegetable matter and perhaps to some extent directly from the atmos- 
phere during thunder-storms. 

"The quantity of inorganic fertilizers which the Woodford county 
soil possesses over the Jefferson county soil, in one hundred parts, are 
therefore : 

Alumina and oxide of iron and manganese, - 6.481 

Carbonate of lime, 2.070 

Phosphoric acid, - - 0.114 

Sulphuric acid, 0.068 

Potash, - - - 0.194 

Soda, - - - 0.087 



Total, - 8.014 

"The total preponderance of these fertilizers in the Woodford £oil is, 
therefore, a little over eight per cent.; and, of some of the individual 
ingredients, only a small fraction o one per cent. ; this, at first sight, 
appears small and insignificant, but when calculated over a single acre 
of ground, only six inches in depth, the number of pounds becomes 
very considerable. 

"Assuming, as found by trial, that the average approximate weight 
of these air-dried soils, in the condition used for analysis, to be about 
sixty pounds to the cubic foot, we obtain the following amounts in 
pounds, on each acre six inches deep, which the blue limestone soil of 
Woodford county contains over that in the soil of the eastern part of 
Jefferson county: 

71,625 pounds of alumina, oxide of iron and manganese. 
27,050 pounds of carbonate of lime. 

1,489 pounds of phosphoric acid. 
888 pounds of sulphuric acid. 

2,635 pounds of potash. 

1,136 pounds of soda. 

104,723 pounds total. 

"Hence to make the Jefferson county soil equally productive with 
the Woodford, for six inches in depth, there requires to be added to each 
acre of ground: 
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71,625 pounds of ferruginous clay. 

27,060 pounds of limestone or 16,188 pounds of burnt lime. 

3,175 pounds of bone-earth. 

2,161 pounds of gypsum. 

4.848 pounds of unleaohed ashes. 

2,455 pounds of common salt. 



1 1 1,314 pounds total. 

«In place of the 3,175 pounds of bone-earth and 2,161 pounds of 
gypsum, there might be substituted, with advantage, 3,000 pounds of 
superphosphate of lime; that is bone earth which has been treated with 
sulphuric acid, by which results an acid phosphate of lime and gyp- 
sum; which has been found, in practice, an excellent form of applica- 
tion of the highly important inorganic constituents of soils. Soda and 
lime are also very advantageously employed in agriculture by dissolv- 
ing common salt in as much water as is required to convert the caus- 
tic lime into a fine powder and slacking the lime with this brine. 

"However, all these ingredients, except the ferruginous clay, can be 
obtained by the application of farmyard manure, of which there is al- 
ways more or less on every farm ; but not in the manure as it is usual- 
ly found, after long exposure to weather, along side the stable, but in 
fresh stable and cow-house manure, or in manures which have been 
properly preserved iincle?- cover and in such a manner that neither the 
soluble portions have been drained away in liquid oozings from the 
manure pile; nor the ammonia volatized into the atmosphere; in ma- 
nure, in short, which has been carefully heaped up under shelter in a 
slightly inclined plank pen, with tight floor constructed so that all 
the liquid part can drain into a tank or cistern, from which it can be 
pumped over the manure heap from time to time, or carried separate- 
ly on to the land; while, at the same time, care has been taken to fix 
the ammonia which would otherwise escape into the atmosphere, either 
by the addition of alternate layers of muck, decayed wood, or other 
vegetable mould, charcoal powder, or, better than all. so much diluted 
sulphuric acid as shall prevent any odor being emitted. To such a 
manure pile the lime slacked with brine is also a good addition, as the 
sulphate of lime and chloride of calcium thereby formed are excellent 
absorbers of ammonia. 

"In the same region of Jefferson county a soil was collected from a 
field which had been twenty -five to thirty years in cultivation; also, 
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samples of the immediate sub-soil and red under-day, which almost 
universally underlies these lands at the depth of a few feet. 

"The following is the comparative analysis of the virgin soil of Jef- 
ferson, {B,) while {A) is of the soil from the adjacent field long in cul- 
tivation: 



In 100 Farts. 


A. 


B. 


Organic and volatile matter, 


7.996 


4.606 


Alumina, oxide of iron and manganese. 


7.480 


6.204 


Carbonate of lime, - . . - 


.394 


.316 


Magnesia, - . - . 


.240 


.200 


Phosphoric acid. 


.206 


.191 


Sulphuric acid, 


.082 


.067 


Potash, 


.200 


.168 


Soda, ... . . 


.043 


.070 


Sand and insoluble silicates, 


83.134 


88.318 


Loss, 


0.226 


00.000 



100.000 100.066 

"It appears from the above that there has been carried off from this 
field, by the succession of crops harvested, assimilation by stock, fil- 
tering and washing, a part of every fertilizing ingredient except soda? 
in the following proportions in 100 parts: 

Organic and volatile matters, - - 3.490 

Alumina, oxide of iron and manganese, - 1.240 

Carbonate of lime, - - - - - .078 

Magnesia, - . - . . .040 

Phosphoric acid, ---. .... .014 

Sulphuric acid, - - - .015 

Potash, - - .042 



Total, - ... 4.919 

"This, calculated for one acre, six inches deep, gives: 

46,607 pounds of organic and volatile matter. 
16,204 pounds of alumina, oxide of iron and manganese. 
1,019 pounds of carbonate of lime. 

622 pounds of magnesia. 

1 82 pounds of phosphoric acid. 

196 pounds of sulphuric acid. 

548 pounds of potash. 

64,378 pounds total. 

"Here then we have the amount in pounds which would be required 
to be restored to each acre of this field to bring it back to its original 
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fertility, provided the influence of cultivation has only extended to the 
depth of six inches; but these amounts would require to be doubled, 
if the exhansting influence has extended to one foot. 

"In Europe, where the different kinds of manure, both organic and 
unorganic, have a commercial value, the 

45,607 pounds of organic and volatile matter would be worth, $ 28 50 

16,204 pounds of alumina, oxide of iron and manganese would be 
worth only what il; might cost to restore it, either by 
means of the sub-soil plow or the cost of hauling it 
on to the land, if beyond the reach of the sub-soil 
plow. 
1,019 pounds of carbonate of lime, worth, ... 63 

622 pounds of magnesia, worth, ... 25 

182 pounds of phosphoric acid, worth, ... - 1 82 

196 pounds of sulphuric acid, worth, - - - 24 

648 pounds of potash, worth, - - 8 22 

64,378 S 39 66 

"The importance of the information conveyed by these results is 
most manifest. 

"By far the most expensive part of the above ingredients, if requir- 
ed to be purchased and hauled on the ground, would be the organic 
constituents; but fortunately there are other more economical alterna- 
tives of reclaiming the lost humus of a soil. The most abundant 
proximate principle of humus is vegetable fibre which, by decay, 
yields chiefly carbonic acid and the elements of water. It is by sup- 
plying these to plants that it is mainly efficacious in agriculture. 
Fortunately there is an inexhaustible store of these principles in our 
atmosphere, and the farmer has the power, if he knows how, to appro- 
priate them to his use from that source, without seeking further. 
Strange as it may at first sound, land can be manured from the atmos- 
phere; that is, it can receive from it the fertilizing elements of the 
organic constituents of manures. But this must be effected through 
the intervention of the mineral, inorganic or fixed constituents of the 
soil; that is, those earthy principles which cannot be burnt off by fire 
and are, therefore, found in the ashes of plants — such as the phosphoric 
and sulphuric acids, lime, clay and alkalies — for with an abundant 
supply of these and ammonia a luxuriant growth of leaves and roots 
overspread apd penetrate the ground, having, during their growth, 
fixed a very large proportion of their weight and substance out of the 
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atmosphere; it is upon this principle that the improvement of land by- 
green cropping is based, which, when turned in, passes rapidly into a 
state of decay, furnish in this way an immediately available and abun- 
dant supply of carbonic acid, and oxygen and hydrogen in the propor- 
tions in which they exist in water. But these substances can moreover 
be condensed out of the atmosphere by good tillage, for the more porous 
and loose a soil is the more it is penetrated by air and rain water, in 
which more or less carbonic acid is always condensed. Thus, if the 
farmer takes care that his land is sufficiently supplied with these inor- 
ganic constituents above mentioned and a certain amount of the nitro- 
genous principles, he need not go to much expense in hauling humus, 
or its equivalent substances mainly consisting of woody fibre, as the 
atmosphere has always a liberal supply on hand. Indeed the nitro- 
genous principles can also be obtained to a considerable extent from 
the same source; since there are abundant emanations continually 
volatilizing ammonia and carbonate of ammonia into the air, which are 
returned to the earth by every shower of rain or fall of snow, besides 
what is absorbed by a porous, well tilled soil, particularly if that soil 
has a notable quantity of clay and peroxide of iron. 

"Seeing then whence the organic and volatile matters of the soil may 
be derived, the next inquiry which presents itself in connection with 
the comparative analysis of the soil just given is, can any or all of the 
removed inorganic constituents be obtained from the sub-soil or under- 
clay that underlie the soil? Because, if so, this is, undoubtedly, the 
most accessible and cheapest source, whence they can be restored to 
the soil. 

"The following analyses of the immediate subsoil (A,) and the under- 
clay {B,) give the answer to this question: 

Organic and volatile matter, 

Alumina, oxide of iron and manganese, 

Cai'bonate of lime, - - . - 

Magnesia, - - - - 

Phosphoric acid. 

Sulphuric acid, ..... 

Potash, ..----- 

Soda, . . - - - - 

Sand and insoluble silicates. 

Loss, 

100.000 100.000 



A. 


£. 


2.844 


3 112 


6.235 


17.020 


.356 


.194 


.226 




.099 


.477 


.082 


.088 


.181 


.297 


.028 


.111 


89.900 


77.434 


.049 


.881 
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"The conclusion, from the preceding analysis is, that they can be 
supplied to a limited extent by the immediate sub-soil; but in much 
greater abundance by the red, ferruginous, under-clay which is found 
universally a few teet under the soil of this part of Jefferson county. 
This under-clay is not only rich in alumina and peroxide of iron, uncon- 
taminated with protoxide of iron, substances which have a remarkable 
power of absorbing ammonia from the atmosphere and yielding it by 
degrees to plants, besides retaining other manures and water, but in 
addition, this red under-clay, it will be observed, contains more than 
twice as much phosphoric acid, and nearly double the amount of alka- 
lies, which are in the virgin soil. How important is this information 
to the former. He learns by these chemical analyses that he need not 
go to any other source, at present, for his supply of the inorganic food 
of plants; and that by the aid of powerful sub-soil plows, where 
this red clay is sufficiently near the surface to be reached by this op- 
eration, or where it lies too deep to be thus turned up, he can obtain 
it by only sinking with his pickaxe and shovel a few feet beneath the 
surface of his ou'n land. 

"Let those who have hitherto had little faith in the powers of chemis- 
try to reveal to agriculture invaluable truths contemplate these results. 

'•I have heard farmers, and even those professing to be chemists, ex- 
press their doubts that that science could ever disclose the mysteries 
of vegetable assimilation, or the way in which plants received their nour- 
ishment and the transposition of the elements thereto contributing; but 
he who has closely watched the rapid strides of discovery in chemis- 
try in the last quarter of a century cannot fail to have most implicit 
confidence in this noble science." 

All of the varieties of the blue limestone soils are not equally rich, 
in the mineral fertilizers, with the Woodford and Fayette soils; but, 
so far as the chemical analyses have yet been carried, they exhibit pro- 
perties far above the average in fertility. Considerable variation will, 
no doubt, be observable when all the different varieties already collect- 
ed, and others which it is intended hereafter to select, shall be analysed; 
for both the lithological character of the various strata of which this 
formation is made up, and the difference in the growth of timber and 
shrubs, indicate this. For instance: there is interstratified, in the 
blue limestone formation, a peculiar silicious mud -stone along a belt of 
country which will be more particularly described hereafter, ranging 
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through Jessamine, east part of Fayette, Scott, Grant, and a part of 
Owen, Harrison, Boone, and Carroll counties, which not only st;ani)s a 
marked character to the soil, but a peculiar disease follows its range, 
which I have found no where else on this formation. 

I am able at this time to call attention to the chemical analysis of 
one soil. No. 504, of Dr. Peter's Report, collected from a narrow strip 
of beech timbered land, ranging through the eastern part of Fayette 
county, where silicious mud-stones and shales, No. 505 and 50G, are 
superimposed on the Isotelus and Leptaena beds, in the blue limestone. 
It is, perhaps, not as characteristic a sample as I shall be able to sup- 
ply hereafter from Grant county, where these strata, known as the 
"rotten sandstone," are more developed, and extends over a wider 
belt of country. In Fayette it only occupies a strip of so called 
"sobby beech flats," of about a quarter to half a mile wide, on the head 
waters of Elkhorn creek. This soil is not nearly so productive as the 
true blue limestone soil. The analysis shows that it contains less than 
half as much of most of the mineral fertilizers as the best blue 
limestone soil of Fayette county. 

It is particularly worthy of note that the only milk-sick region 
which I have, as yet, become acquainted with, on any part of the range 
of the blue limestone formation, follows the out-crop to the surface of 
this so called "rotten sandstone," and its accompanying characteristic 
soil. 

Again: an intimate connection is evidently traceable, in a portion of 
Nelson county, between the soil and underlying substratum of shell 
limestone in which the fossils are all converted into silex. This bed 
of rock, of no great thickness, by disintegration gives rise to a silico- 
calcareous reddish-brown earth, in which the silicified fragments of the 
characteristic ortUs are distinctly traceable. This earth is coincident 
with the so called "blue ash lands" of Nelson county, whereas the up- 
per member of this formation, in Spencer county, give rise almost ex- 
clusively to beech. 

The chemical examinations of the soils and sub-soils from Woodford 
county — Nos. 550, 551, 552, and 553 — are attended with peculiar in- 
terest, inasmuch as this, and a few of the adjacent counties of Ken- 
tucky, are regarded by our citizens as the "Garden Spot" of the West, 
and not without justice; for although there may be other blue lime- 
stone soils in the state, as well as in Ohio and Indiana, that will com- 
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pare favorably with it, still it is doubtful whether a tract of equally 
fertile uphmd soil can be found, having the surface so level and un- 
broken, and therefore so favorably situated for cultivation, in conse- 
quence of their being located toward the sources of small streams. 
The county of Woodford borders, it is true, on the valley of the Ken- 
tucky river, but since its bluffs rise very abruptly, and its eastern trib- 
utaries rising in the county are very short in their course, because the 
summit level between the Kentucky and Licking rivers lies, in this 
part of the state, comparatively close to the former river, the configu- 
ration of the land is, in consequence of this peculiarity of its physical 
geography, very gently undulating, and comparatively level, even 
within a mile or two of the deep gorge of the principal water-course 
of the state. 

The peculiar adaptation of the soil to the growth of hemp, as al- 
ready remarked, has caused the early settlers to put large tracts of their 
land, for many years in succession, in this staple. As the inorganic 
base assimilated in largest quantity by this plant is lime, being eight 
to ten times more than of the other mineral fertilizers which the Wood- 
ford soil and sub-soil has in the greatest abundance; and since so much 
of the plant is usually restored to the soil which nourished it, it will 
be apparent why it is by no means an exhauster of the soil, like wheat, 
corn, and tobacco; hence, comparalively speaking, the resources of the 
lands of this part of the state have not been so severely taxed, as in 
the tobacco and more exclusively gv.iin growing counties. These ad- 
vantages, together with the practice of retaining large portions of the 
farms in pasture for stock, has retained, in a great measure, the primi- 
tive fertility of her soil. 

A comparison of the composition of soils Nos. -550 and 551, shows 
the amount of ingredients which have lieen removed by nearly fifty 
years of cultivation, chiefly in hemp, with occasionally corn and wheat. 
In 100 parts there has been a loss of 2,258 organic and volatile mat- 
ters; 0.013 of phosphoric acid; 0.113 sulphuric acid, 0.189 of potash; 
while, notwithstanding, the demands of hemp for lime, there has been 
a gain both of this alkaline earth and magnesia, viz: 0.270 carbonate 
of lime and 0.160 of carbonate of magnesia, which proves how rich the 
substrata must be in calcareous matter. Assuming a cubic foot of 
this soil, in its dry state, to weigh seventy pounds and that cultivation 
has extended to the depth of one foot, it would require to be added to each 
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acre to restore this land to its native fertility only three hundred and 
ninety -one pounds of phosphoric acid or nearly double that of bone- 
earth; 3.441 of sulphuric acid or a little less than twice that quantity of 
gypsum, and 5.762 pounds of potash or four tons of unleached ashes. 
In this connection, permit me in this place, again to call particular 
attention to the chemical analysis of the sub-soil of this old field, No. 
552, and the red imder-clay. No. 553, prevalent throughout Woodford 
county. These will be found amply capable of supplying all the lost 
ingredients; for even the sulphuric acid and soda, which are not in 
quite so large quantities as in the soil, have been found in great abun- 
dance in the red under-clay. In fact, taking the sub-soil and under- 
clay together they are richer in all the essential fertilizers but soda, 
and even that alkali falls but little short in the red under-clay. As 
the removed organic and volatile matters may be restored by green 
crops, the land proprietors of Woodford county have, within easy access 
of the sub-soil plow or shovel, an inexhaustible store of agricultural 
wealth. Who will pretend to set a monied estimate on the value of 
this information to the farmers of Woodford? By judicious manage- 
ment this soil may be considered good for centuries to come. It is 
much to be desired that some of the farmers in Woodford or Fayette 
counties would test the result of the action of these red under-clays 
on the poorest land they can find, and communicate the result, since 
chemistry points so decidedly to this as a cheap and convenient natu- 
ral manure. They need not, however, expect to observe as much 
effect in the first as the succeeding years, when the mineral fertilizers 
become more soluble and, consequently, more available. Three or four 
inches of these under-clays will be enough to stir up or mix with nine 
inches or one foot of the surface soil at one time. They should also 
try it in connection with green crops turned in or by addition of am- 
monical salts, nitrates or some organic manure; because, as we have 
elsewhere stated, the assimilation of the mineral constituents is in pro- 
portion to the supply of the organic elements received into the sub- 
stance of plants, and, if there be already as large a quantity of the 
mineral constituents in the soil as will balance the amount of organic 
food derivable, in their climate and locality, from the atmosphere, water, 
and what may be also in the soil itself, little or no benefit may be ex- 
perienced from the application of these earths; this is very apt to be 
the case in rich soils like the blue limestone soils and this is the reasop 
6 
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why I recommend the trial on the poorest and oldest land that can be 
found. 

Upon the same principle, in the best lands of the blue limestone re- 
gion, where the mineral fertilizers are in large and available quantities, 
if a maximum produce is desired to be obtained on the "high farming 
system,'' it will be necessary that ammonical salts, guano, a nitrate, or 
some nitrogenous manure be added to the soil to be so cultivated, so 
as to force the crop to take up more of the soluble mineral constitu- 
ents than it would be otherwise capable of doing with only such quan- 
tity of the organic elements as it could ap[irnpriate from natural 
sources. 

No more conclusive proof can be deduced, of the intimate coiintc- 
tion between the composition and quality of the soil, and the subja- 
cent rock formation, than the inspection of the chemical analysis of 
the Li-ptaeua limestone. No. 547, and the Bellerophon limestone, 
No. 549, which underlie the country south of Veri-ailles, in com- 
parison with the Woodford soils and sub-soils, Nus. 550, 551, 552, 
and 553, all collected from the same locality. The source of the 
large amount of the great mineral fertilizers — phosphoric acid, sul- 
phuric acid, and the fixed alkalies — in these soils and sub-soils, is 
most apparent by taking note of the per centage of these acids and 
bases in the above underlying limestones, No. 547 and No. 549. 

Contrasting the composition of these limestones with those of other 
limestones of which the analyses are given, both in the first, and this 
report, it will be observed that they contain a larger amount of phos- 
phoric acid and alkalies combined, than any of the othir limestones 
except No. 484, from Anderson county, and 507 and 508, from Fay- 
ette, all of which rock .■specimens are from the blue limestone forma- 
tion. Nos. 507 and 508 underlie the region where the fertile blue 
limestone soils and sub-soils. No. 27, of the first report, and Nos. 509 
and 510, of this report, were obtained. The only other limestones 
analysed, up to this time, which approach to these, in the large amount 
of the above acids and bases, are some of the black bituminous ferru- 
ginous limestones of th(3 Coal Measures; which, however, on account 
of the circumscribed area which they occupy, can have but a very par- 
tial and limited influence on the soil. 

This leads to a very important deduction, the principle of which 
was already hinted at in the first cliaplor: and servt^s. moveovt'r, to 
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correct a very erroneous idea which prevails: that the purer a lime- 
stone is, which is to be applied as a mineral manure, the better; when, 
in realitj^, it is those limestones which are most argillaceous, and which 
are replete with organic remains, that are by far the most valuable for 
that purpose, since they furnish not only the lime which is required, 
but also the phosphoric acid and the alkalies. 

I will venture to say, if any of the farmers living in Hopkins coun- 
ty will try the application of the black -bituminous limestones. No. 
132, 134, or lol, either burnt or in the raw condition ground, on any 
of their soils that may be deficient in phosphoric acid and alkalies, 
they will be astonished to witness the fertilizing eflect it will have in 
a few years after its application — say thirty to fifty bushels to the acre. 

Though it will not answer, in a pecuniary point of view, at present 
to transport Lower Silurian Blue Limestones and Marls to any great 
distance, the time will come, as our means of transportion shall be more 
extended and cheaper, when many of the inferior sandy soils and stitf 
cold tenaceous clay -lands of Kentucky will be manured with these fos- 
siliferous limestones, even if they have to be carried hundreds of miles ; 
because these limestones will be found far more valualile, as mineral 
manures, than the genera,lity of limestones from the other formations 
of the state. 

Again: in the centre of Washington county there is a marked soil 
of the blue limestone formation, producing good hemp, but on which 
tobacco grows too rank and coarse to alibrd a fine quality of that 
plant. Where this soil prevails remarkably large, j^ellow poplar flour- 
ish; and it appears to be of different properties, not only from the 
preceding, but, also, from that which furnished a soil found around 
Springfield, in the same county, where white oak is the prevailing tim- 
ber. Samples of soils have been collected from these and other lo- 
calities in the Blue Limestone Formation, that presented marked char- 
acteristics. When the chemical analyses of these shall have been com- 
pleted, Ave hope to be able to deduce therefrom some interesting results 
from the chemical peculiarities they may present. 

The Barren limestone soil ( C) contains, as will be perceived, very 
nearly the same amount of carbonate of lime, magnesia, phosphoric 
acid, and alkalies, as the magnesian limestone soil {B,) of Jefferson 
county; rather less alumina and oxide of iron, but more than twice as 
much sulphuric acid, which rather exceeds that in soil {A). This is 
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undoubtedly the reason why this soil is so well adapted, both for grasses, 
oats, and corn crops, which require a large supply of this chemical 
substance. 

The Coal Measure soil {D), contains still smaller quantities of car- 
bonate of lime and phosphoric acid, but more sulphuric acid; indeed, 
more than has been found in any soil 5'et examined, except another 
Coal Measure soil, No. 23G, from Union county. This is no doubt 
due to the frequent occurrence of minerals, containing sulphur, in 
rocks of the carboniferous era. These soils ought, therefore, with the 
occasional addition of unleached ashes, nitrate of potash, or some 
combination of that alkali, to be better adapted than any of the other 
soils for potatoes, turnips, oats, and with the addition of common salt 
and bone-earth, or its equivalent, for buck wheat. 

In the Coal Measure soils, Nos. 10, 120, 138, and 155, the silica 
and insoluble silicates range from eighty-six to ninety per cent.; but 
a large proportion of their salts are, in that soluble condition, avail- 
able for the immediate use of plants. Soil No. 126, of the first report, 
gave up no less than seven parts of solid extract in 1,000, and No. 
155 six parts in 1,000. The former, therefore, contains more, and 
the latter nearly as much, soluble ingredients as the rich Woodford 
virgin soil, No. 550. 

The Barren limestone soil has usuaHy, a large proportion of per- 
oxide of iron in its composition — three to five per cent. — which gives 
the lands of this formation generally a deep reddish brown color. 
This, together with the considerable quantity of clay derived from the 
partings between the limestones and the interstratified argillaceous 
marly beds, contributes, doubtless, greatly to their fertility, for the 
reasons already given, when adverting to the action of the same ad- 
mixtures in some of the blue limestone soils. This is one reason why 
these soils have proved much more productive than was at first sup- 
posed, in the early settlement of the country, and which rapidly rais- 
ed the price of these lands, after they began to be appreciated, from 
five dollars to forty dollars per acre in some portions of the state. 

There is another variety of soil derived from the silicious strata of 
the lower division of the sub-carboniferous group, which is greatly 
inferior to that which preA'-ails in the upper calcarious and marly divi- 
sion of this group of rooks, which prevails on the knobsj fortunately, 
however, it is of very liraited extent. 
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The analysis of three soils from this formation have been completed ; 
No. 232, from Cumberland county; No. 228, from Monroe county, 
and No. 226, from Russell county. In these the sand and insoluble 
silicates range from 87.110 to 90.780. The quantity of argillaceous 
earth is very small in all of- them, and the lime and phosphoric acid 
in No. 226 and 228, is far below the average. They would, therefore, 
be greatly improved by the application of some of the fat marls and 
stifl' red clays of the adjacent upper division, of the same formation, 
which is often sufficiently accessibly ; or even of the clays produced 
from the black Devonian shale, that often forms the base of the 
knobs. 

No. 232 afforded a large amount of soluble extract — five parts in 
1,000 — and contains the largest amount of sulphuric acid of any soil 
yet analysed. It should be remarked, however, in regard to this soil, 
that it was collected from the bottom land of Sulphur CT(?uk, and has 
therefore received the washing from adjacent knobs, and reposes on the 
clay derived from the underlying black slate, and is therefore of supe- 
rior quality to the soils from this formation, on the summits and slopes 
of the knobs. The frequent occurrence of iron pyrites, in the strata 
towards the base of the knobs, accounts for the large proportion both 
of sulphuric acid and iron. 

Where the encrinital beds of limestone ci'op out, which are inter- 
stratified locally with strata of the knobs, a much more productive cal- 
carious soil results. 

As yet no analyses have been completed of soils derived from the 
black Devonian slate. 

Besides the various shades of difference which will no doubt be ex- 
hibited hereafter in the different quaternary soils, I will mention, at 
this time, two marked varieties. The earthy ingredients of both of 
these are in a very fine state division; but one is of a mouse color, and 
is derived from a fine silicious, and more or less calcarious loam — No. 8, 
of the section given on page 22, of the first report; the other remarka- 
ble for its whiteness, as well as its lightness, due to exceedingly fine 
rounded particles of hyaline and milky quartz. This variety origi- 
nates from the disintegration of the white silicious and silico-magne- 
sian earth. No 6, of the same section. The analysis given under col- 
umn, {E,) is of the first variety, which predominates greatly over the 
second, of which an analysis is given on page 334, No. 128, of Dr. 
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Peter's first-report. Both varieties are usually tolerably rich in lime, 
and the first seems to have, in the specimen examined, a large propor- 
tion of its mioeral salts, in a soluble condition. Specimen No. 126, 
or {E,) of the column, gave up no less than seven parts of solid ex- 
tract, to water impregnated with carbonic acid. This is. the largest 
amount of ingredients, dissolved by the same means, in the sixty-three 
soils already analysed, except one — No. 2.34 — a sub-carboniferous soil, 
from Wayne county. It contains, therefore, a very large amount of 
mineral salts, in a state fit to enter into the circulation of the plant, and 
already prepared for its immediate nourishment. 

It is probably due to this condition of these quaternary soils, that 
they are so well suited for the growth of fine silky tobacco. 

Soil No. 230, from Daviess county, also remarkable for its large 
growth of tobacco, and which receives its material chiefly from the 
Quaternary Formation, contains more than the average quantity of 
soluble saline ingredients But neither this soil, nor No. 126, contain 
on the whole, as large a proportion of potash as some of the other 
Kentucky soils; however, No. 218, of this report, which is also a 
quaternary soil, will be seen to possess a larger amount of alkalies 
viz: 0.120 potash, and 0.020 soda. Indeed, there is no doubt that a 
considerable amount of potash has been removed from soils No. 126 
and 230, since they are soils that have been under cultivation in two 
of the principal tobacco growing counties in the state, and there was a 
mature tobacco crop on the ground when No. 126 was collected. 

Some of the specimens of quaternary soils, which have been analy- 
sed, contain more phosphoric acid than {E); for instance. No. 218 of 
the present report, from Ballard county, has 0.410 per cent., which is 
nearly as much as the rich virgin Woodford soil. The sand' and insol- 
uble silicates together amount, in the specimens subjected to chemical 
examination, -to from 89.G70 to 91.71; of this, from 48 to 80 parts 
are in an exceedingly fine state of division. This condition of the 
silicious earths indicates that they will absorb moisture, and retain it, 
together with the soluble organic and inorganic manures, much more' 
effectually than soils containing an equal amount of ordinary palpable 
sand; while, at the same time, they are soils that require much less 
power to break them up than more tenacious clay land. 

These kind of soils prevail, to some extent, in those parts of Hen- 
derson and Daviess county bordering along the principal water-course, 
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and even in the adjacent hills, to the hight of one hundred or one 
hundred and fifty feet above low water of the Ohio river; but more 
especially in Ballard, Hickman, Fulton, and most of the counties of 
the Jackson Purchase. 

It is probable that there will be found as much, if not more, varia- 
tion in the chemical composition of the Coal Measure soils, thau in 
those derived from the other formation;-, since the lithological charac- 
ter of the strata composing this group varies, perhaps, more than that 
of any of the others. Those, however, derived from any of the prin- 
cipal geological systems of Kentucky, will, undoubtedly, also show 
many shades of difference, corresponding to modifications in the litho- 
logical character of the various members, of which each formation is 
made up. 

The largest amount of phosphoric acid or phosphates, obtained from 
the sixty-three soils and sub-soils analysed up to this time, are from 
the blue limestone formation of Woodford, Fayette, and Clark coun- 
ties, viz: in Nos. 27, 28, 500, 501, 550, 551, 552. The phosphate 
of lime in No. 27, is 0.56, as stated on page 277, of the first u^port, 
but incorrectly transferred to the table on page -370, of same volmne 
where it stands only 0.26.* 

The largest amount of sulphuric acid, as already remarked, have 
been found in soil No. 232, from the bottoms of Leek creek, in Cum- 
berland county, at the base of the Knob Formation ; next to it, the 
Coal Measure soils of Union and Ohio counties — Nos. 2oG and 223. 

The largest quantity of alkalies yet obtained have been from the 
blue limestone soils and sub -soils of Clark, Jefferson, and Woodford — 
Nos. 500, 501, 509, 510, 552 and 553 — and the sub-carboniferous 
Wayne county soil. No. 234, of which I shall speak in the sequel. It 
is worthy of note in this connection, that it is the same soils which 
contain, as a general rule, the largest of alumina, from which we may 
infer that these are chiefly liberated by the disintegration of this earth, 
derived, no doubt, originally, from rocks allied to the potash and soda 
felspars. 

The prevailing member of the blue limestone formation, where soil 
No. 517, of Dr. Peter's report, was collected, in Franklin county, is an 

»The phosphate of lime of No. 155, of the same table, should bo 0.08 as on page 352, of 
that report, in place of 0.68, in the table. 
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encrinital layer of this formation, and not far from a fine locality of 
Cijtherina, allied to, but probably distant from, 0. Baltica. The pre- 
dominating growth of timber on the land is sugar-tree, mixed with 
honey-locust, mulberry, and poplar. New ground will produce from 
fifty to sixty bushels of corn to the acre. The comparative analysis 
of the virgin soil, from this part of Franklin county, and that of a 
field where the same kind of soil existed, and which had been twelve 
years in cultivation, shows a loss of 0.151 of phosphoric acid, 0.38 
potash, but a gain of .026 soda, and 1.443 of carbonate of lime. The 
latter has been derived from the turning up of a sub-strata of earth, 
richer in lime than the immediate surface soil; the former, perhaps, 
from the salt consumed by the stock on the farm, or been also brought 
from a more impervious layer beneath, into which it had filtered from 
the surface by the action of rain. Assuming that a cubic foot of this 
dry soil weighs seventy pounds, and that the influence of cultivation 
has extended to the depth of one foot, then there would require to be 
added to each acre of this field, to restore it to its original fertility, 
4,604 pounds of phosphoric acid — or if added in the form of bone- 
earth, nearly five tons; 182 pounds of sulphuric acid — or if added in 
the shape of gypsum, nearly 400 pounds; and 1,158 pounds of pot- 
ash, or 16,000 pounds of unleached ashes, besides 81 tons of organic 
matter; but, as the greater part of this is vegetable fibrin, which re- 
solves itself, for the use of plants, into carbonic acid and water, good 
tillage, and a few green crops turned in, would be a good substitute, 
and the least expensive plan of effecting the restoriition of the lost 
organic and volatile matters. Since stable manure contains only three 
tenths to a half per cent, of phosphoric acid, it would require from 
four hundred to seven hundred tons of such manure to each acre to 
furnish the lost phosphoric acid from this field. This shows how inad- 
equate the usual supply of stable manure would be to restore the ex- 
hausted constituents of soils. ■ Allowing a ton of stable manure to be 
worth $2, it would require the expenditure of $800 to bring this soil 
back, by this means, to its original condition; hence the necessity for 
the farmer to be acquainted, himself, with other sources of the miner- 
al fertilizers. If the geological survey is able to point out a cheap 
and easily accessible source of this, and other mineral fertilizers, it 
will be conferring an invaluable boon upon the commonwealth, com- 
pared with which the cost of the survey is a mere trifle. It has al- 
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ready done so in the case of Woodford and Fayette counties, and I 
believe it will bo able to do so for Franklin county also; for the ap- 
pearance of red under-clays, observed in portions of Franklin county, 
are so similar in their aspect to Nos. 552 and 509, that it is highly 
probable they will show a corresponding richness in phosphates and oth- 
er mineral fertilizers, when they come to be analysed, and be capable of 
affording a supply amply sufficient to compensate for the loss, from cul- 
tivation, which could only be fully restored, at so ruinous a cost, by 
ordinary manure. 

I would also in this place call the attention of the farmers of 
Wayne county to the analysis of the sub-carboniferous soil No. 234, 
of Dr. Peter's report. 

It will be perceived that this contains the largest proportion of or- 
ganic and volatile matters of anj soil yet analysed; yet it has been 
found by the ordinary system cf cultivation, unproductive; proving, 
most conclusively, that blackness and richness in organic constituents 
is not the only requisite to fertility. It will be seen, moreover, that 
this soil is also rich in the essential mineral constituents. There can 
be no doubt that the cause of its unproductiveness is the want of drain- 
ing and access of air, so that the standing water has, in all probabili- 
ty, produced a sour condition of the soil. For this reason, notwith- 
standing the considerable proportion of carbonate of lime present, and, 
also, on account of the large quantity of organic matter in this soil, 
burnt lime will, undoubtedly, be found 'beneficial, in order chiefly to 
counteract that acidity, and then bring the organic matter into a pro- 
per condition to resolve itself into carbonic acid, water, and ammonia. 
With this treatment, and a proper and efficient system of drainage, I 
will venture to predict that it will become one of the most productive 
soils in the state. I believe there is a good deal of such land in the 
valley of Meadow creek, in Wayne county ; therefore, it is of consid- 
^erable moment that it should be reclaimed. 

Iron exists in soil in two conditions : in the state of protoxide, with 
eight parts of oxygen united to twenty-seven to twenty-eight of iron, 
and as per or sesqui-oxide, containing twenty -four parts of oxygen, and 
fifty-four to fifty-six of iron. The former of these is continually ab- 
stracting oxygen from air, water, and other substances containing oxy- 
gen, with which it may come in contact, and therefore exerts a deoxi- 
dizing influence injurious to vegetation, which requires all the oxygen 
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it can obtain from the air and water in the soil. Where it exists to 
any great extent in soils, it appears to exert a baneful influence. The 
remedy for this is free access of air to the soil, by frequent working, 
so as to cause this protoxide to pass as rapidly as possible into the state 
of peroxide. Protoxide of manganese acts in the same way. 

There are some facts which seem to lead to the conclusion, that a 
notable quantity of protoxides of iron and manganese may be the 
cause of rust. Two soils in the vicinity of Brunswick, containing a 
considerable portion of these oxides, produced grain which was attacked 
by rust. One of these was a heath soil, on which the rust was not coun- 
teracted even by the application of lime, marl, potash, wood-ashes, 
bone-dust, ashes of the heath plant, common salt, and ammonia. The 
other was a fine-grained loam, which did not suffer from want of drain- 
age, as it was well exposed to the sun, in an elevated situation. "In 
order to ascertain whether the rust was due to the constituents of the 
soil, or to certain fortuitous circumstances, unconnected with their ope- 
ration, a portion of the land was removed to another locality, and made 
into an artificial soil of fifteen inches in depth. Upon this barley and 
wheat were sown; but it was found, as in the former case, that the plants 
were attacked by rust; whilst barley growing on the land surrounding 
this soil was not at all affected by the disease. From this experiment 
it follows, that certain constituents of the soil favor the developement 
of rust." 

It was thought it might be from the presence of phosphate of iron, 
but I think it more probable that it was due to the deoxidizing effect of 
the protoxide of iron; for we know that in our country it is apt to 
occur, when there is a superabundance of rain, accompanied by hot 
weather; now the effect of this will, undoubtedly, be to produce acids 
in the soil, which is almost always accompanied by the absorption of 
oxygen, an effect quite analogous to that of protoxides of iron and 
manganese. The per or red oxide of iron, on the contrary, seems to 
be a valuable constituent of soils; at least it is almost universally the 
case that red soils are fertile soils, and the redness is always due to the 
presence of peroxide of iron. It is probable its beneficial effect de- 
pends on the property it possesses of condensing ammonia, either from 
rain water or the atmosphere, and perhaps also to peculiar relations 
which it bears to certain organic matters, which both it and alumina 
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ceem to possess of holding them, so that water alone has little power to 
remove them. 

The red lands of Cheshire and Somersetshire, derived from the dis- 
integration of rocks of the trias system, as well as the red lands of 
Devonshire and Herefordshire, on the Devonian or Old Red system, 
are amongst the most productive lands in Great Britain. It is true, 
that where the members of these formations are, over limited tracts, 
exclusively sandstones — as in parts of Pembrokeshire — the derivative 
soil cannot be considered fertile ; but this is because it is on that ac- 
count altogether too sandy, and hence so porous that it allows every 
thing soluble to filter through it; or, in the language of the farmer, 
"eats all the manure and drinks all the water.'" But the most loamy 
of the red lands of Hereford afford the finest crops of wheat and hops, 
and bear the most prolific apple and pear-trees, and the sturdiest oaks, of 
all England; and the red clay and red loamy soils of Cheshire, Som- 
erset, Staffordshire, and Leicester, are capable of producing the most 
luxuriant growth of almost any crop that may be put on them. 

Again : the fertility of the red lands of Texas is well known. 

All my experience so far, in regard to the red soils of Kentucky, 
goes to show that they are very productive soils. 

The red sub-soils of Woodford and Fayette, on the blue limestone 
formation ; and of Jefferson county, on the magnesian limestone for- 
mation; and of Simpson and other counties, on the sub-carboniferous 
limestone formation, all show large amounts of phosphoric acid and 
alkalies. For some further remarks on this subject see Dr. Peter's 
report, under the head of Simpson county, No. 480. 

The blackness of a soil, as we have said, is by no means a sure in- 
dication of fertility, at least not of permanent fertility; and, indeed, 
even not always a criterion of the amount of organic and volatile mat- 
ters, as is shown by the analysis of a remarkably black soil. No. 2.87, 
which only contains 4.38 of organic and volatile matters, while we have 
many instances of soils, comparativly light in color, that contain more 
than twice as much of these substances. 



CHAPTER III. 

CHEMICAL ECONOMIC GEOLOGY. 

COALS. 

Several of the coals, of which proximate analyses were made, and re- 
corded in the former report, have been subjected since to ultimate chem- 
ical analysis, showing the total amount of carbon in coke, and volatUe 
matter united, together with the total amount of hydrogen, oxygen, sul- 
phur, nitrogen and ashes. As such investigtion as contribute greatly in 
affording an insight into the character and quality of a coal, they are 
of great importance; and are especially valuable as giving further in- 
sight into their gas and oil producing qualities — since the nearer they 
approach in composition to the atomic proportion of carbon and hy- 
drogen in olefiant, or heavy carburetted hydrogen, or pure oil gas, viz : 
eighty-six of carbon and twelve of hydrogen, the more valuable they 
become for these purposes. 

All other things being equal, the less water (hygrometric,) the less 
sulphur, the less ashes, the less oxygen and nitrogen, and the more car- 
bon and hydrogen, the better adapted they are for the production of il- 
luminating gas. These ultimate analyses of coals, (formerly reported on- 
ly proximately,) are: Mulford's main five-foot coal, No. 185; Casey's 
coal. No. 166; Union coal. No. 240; Ice House coal, No. 188; Had- 
dock's cannel. No. 166; Eades' coal, No. 157; Airdrie coal, No. 156; 
Robert's coal. No. 191 ; Wright's mountain coal, No. 135; Ashland coal. 
No. 101 ; Wolf Hill coal. No. 1 89; Sneed's coal. No. 25; Breckinridge, 
No. 243. 

The results will be seen by consulting Dr. Peter's report, under the 
heads of the counties in which they occur ; also, in the comparative 
table of coal analysis at the conclusion of that report. 

The last of these coals, the Breckinridge, No. 243, has been sub- 
jected, by Dr. Peter, to investigations by various methods for its oily 
products, by which he obtains, on an average, very nearly the same re- 
sults obtained by myself, viz: thirty -two per cent, of the weight of 
the coal. For a full account of these results see Dr. Peter's report, 
under the head of Hancock county, No. 243. Under the same head 
will also be found an interesting comparative statement of the results 
in crude oil, gas, coke, and ammoniacal water, obtained from the 
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Breckinridge, Haddock's, Union, Mulford's five-foot, Robert's, Ice 
House, and Youghiogheny coals. 

The first workable coal under the Anvil Eock, where it has, in some 
parts of Union county, a peculiar birdseye appearance, and assumes 
a compact structure, and presents a peculiar glimmering lustre on the 
oblique faces of fracture, has been analysed in this laboratory for its 
oily products, with the following results, in 1,000 parts: 
264 of crude oil. 
645 coke. 

48 good illuminating gas. 
43 ammoniacal water. 



1,000 

On the large scale this coal will yield, from a ton of 2,000 pounds, 
500 to 528 pounds of crude oil; equal to 60 to GO gallons, or 30 to 

33 gallons of purified oil; 1,290 pounds of coke; 2,238 cubic feet of 

good illuminating gas. 

From the best information, at present, in my possession in regard to 

the cost of manufacturing, though the quantity of oil which it will 

yield is seven per cent, less than that from the Breckinridge, still this 

birdseye coal ought to afford a handsome profit to the manufacturer of 

coal oils, &c. 

Since the publication of the first report, both the proximate and ulti- 
mate analysis of seventeen other coals have beem completed, as follows; 
Woolich coal. Christian county. No. 462; 
Garrard coal, Clay county, No. 460; 
Triplett's coal, Daviess county. No. 502 ; 
Hawesville Little Bed coal, Hancock county, No. 468j 
Judge Mayhall's coal, Hancock county. No. 519; 
Pate's coal, Hancock county. No. 520 ; 
Hall's coal, Hopkins county. No. 463 ; 
Samuel's coal, Hopkins county, No. 405 ; 
McHenry's coal, Lawrence county. No. 466; 
Keener's coal, Lawrence county, No. 469 • 
Walker's coal, Muhlenburg county. No. 464; 
Pitchener's coal, Ohio county, No. 459 j 
BaiTett's coal, Ohio county. No. 470; 
Jackson's coal, Ohio county, No. 461 ; 
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Haddock's cannel coal, Owsley county, No. 161; 

Lear's coal, Pulaski county, No. 4G7; 

Lower Cumberland, Pulaski county, No. 471. 

Of these the Haddock cannel coal, from Owsley county, proves to 
be a coal producing 246.50 parts in a 1,000 by weight of crude oil, 
which is only 17.50 in a 1,000 parts less than the Birds-eye coal of 
Union county, and 77.50 less than the Breckinridge. It will yield, 
therefore, from fifty-five to sixty gallons of crude oil, or about twenty- 
seven to thirty gallons of purified oil to the ton. These three coals 
are the best oil producing coals that have yet been examined from Ken- 
tucky. 

For further remarks on these coals consult Dr. Peter's report, under 
the respective numbers above stated, who has has taken unusual pains 
in the developement of their chemical properties. He has also pre- 
sented, in connection with the Breckinridge coal, under the head of 
Hancock county, the comparative chemical composition of the oil pro- 
ducing Boghead coal of Scotland. 

For comparison with Kentucky coals, as to their gas producing qual- 
ities, 1 here subjoin some proximate and ultimate analyses made in this 
laboratory of four varieties of coal used, in 1856, by the Manhattan 
gas company, in New York, for supplying that city with gas. 

Albert coal, Hillshoro' , Albert county, Xew Brunswick. 
Proximate analysis — 
Specific gravity : 

Total volatile, . . - . - 61,4 

Coke, ... - 38.6 





100.0 


Moisture, - - - - - 1.5 




Carbon, - . - . - - - 84.972 




Hydrogen, - - - 9.144 
Sulphur, - - 0.000 
Oxygen and nitrogen, - 4.284 
Ashes, - 0.100 




Calculated for 100 parts of dry combustile matter we have: 




Carbon, 


86.250 


Hydrogen, 

Sulphur, 

Oxygen and nitrogen, - - - - 


9.292 
0.000 
4.468 




100.000 
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This an excellent oil-producing coal, as well as a fine gas coal. 

New Castle, England. 
Proximate analysis: 

Total volatile matter, - - ... - - 30.1 

Coke, - 69,9 



100.0 



Moisture, - 1.2 

Volatile combustible matter, - - - - 28.9 

Fixed carbon in coke, - - 69.3 

Ashes, - .... - 0.6 



100.0 

Moisture, - ------ 1.2 

Carbon, - - 80.063 

Hydrogen, 4.944 

Sulphur, . .... 1,000 

Oxygen and nitrogen, - 12.193 

-A-slies, . 0.600 



100.000 
Calculated for 100 parts of dry combustible matter this gives 
Carbon, . . . 

Hydrogen, ... 
Sulphur, 
Oxygen and nitrogen. 




100.000 



Proximate analysis: 
Total volatile matter. 
Coke, 



Moisture, 



English Cannel Coal. 



43.6 
66.4 



100.0 



- - . . J2 

V olatile combustible matter, . . 40 4 

Fixed carbon in coke, - . cj n 

Ashes, . . g'^ 



100.0 

Ultimate analysis of the same with ashes and moisture included in 
the per centage: 
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Moisture, ... 


1.200 


Carbon, - ... ..... 


78.982 


Hydrogen, -- ... ... 


5.711 


Oxygen and nitrogen, - - - ... 


11.707 


Ashes, ........... 


2.400 




100.000 


Calculated for 100 parts of dry combustible matter this gives: 


Carbon, - - - 


81.931 


Hydrogen, ... 


5.924 


Oxygen, - - - - - - 


12.145 


100.000 


Scotch Cannel. 




Proximate analysis: 




Total volatile matter, ..... 


46.9 


Coke, ... - . 


64.1 




100.0 


Moisture, ...... . 3.2 




Volatile combustible matter, .... 42.7 




Fixed carbon in coke, 42.1 




Ashes, - - ... 12.0 




100.0 




Ultimate analysis of the same with ashes and moisture ; 




Moisture, 


3.200 


Carbon, 


70,682 


Hydrogen, - .... 


9.788 


Sulphur, 

Oxygen and nitrogen, ... 


1.400 
3.030 


Ashes, .... 


12.000 




100.000 


Calculated from 100 parts of dry combustible matter 




Carbon, " " 


83.233 


Hydrogen, - ... 
Sulphur, ..... ... 

Oxygen and nitrogen, 


11.642 
1.650 
3.675 




100.000 
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Four of the best gas coals used in England and Scotland are: Les- 
maliago Cannel coal; Ramsay's New Castle coal; Weymss Cannel 
coal; Wigan Cannel coal. The specific gravity, and proximate analy- 
ses, of these coals I here append, for the sake of comparison : 

Specific gravity, . - - - 1.222 to 1.228 

Tiuo proximate analyses of Lesmahago Cannel coal: 

Volatile matters, r - - 

Carbon, - ...... 

Ashes, 



A ton of this coal yie'ds of 

Coke, - 

Pounds of gas. 

Tar, 

Ammoniacal water. 

Loss, 



This is equal to 11.681 to 9.87-5 cubic feet of gas, of specific gravi- 
ty 0.361, 0.54, to 0.65; having an illuminating power of 2.33 j gas 
of specific gravity 0.36, being considered one or unity. 

Ramsay's Xew Castle Coal. 
Specific gravity, ... ... j^g 

Volatile matter, --... ---.36 8 

Fixed carbon in coke, gg q 

Ashes, ...... g g 



A. 


B. 


49.6 


49.34 


41.3 


40.97 


9.1 


6.34 


100.0 


96.65 


1091. to 


1064. 


463. to 


483.5 


594. to 


603. 


4.5 to 


4.5 


87.5 to 


85. 


2240. 


2240. 



100.0 



A ton of this coal yields of 
Coke, 
Gas, 
Tar, 

Ammoniacal water. 
Loss, 



1435. 
410. 
295. 
6.72 
93.28 



2240. 

This is equal to 9,010 cubic feet of gas, of specific gravity 0.604, 
and having an illuminating power of two, by the same standard as the' 
preceding. 
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Weymss Cannel Coal. 
Specific gravity, ... .... 1.1831 

Volatile matters, ... 68.52 

Fixed carbon in coke, - 25.28 

Ashes, . . 14.25 

98.45 

A ton of this coal yields of 

fioke, . . . 1124. to 1188 

Gas, - 551.4 to 628 

Tar, . - 224. to 197 

Ammoniacal water and loss, .... 341. to 327 

2240. 2240 

This is equal to 10,976 to 10.192 cubic feet of gas, of specific 
gravity 0.67 to 0.691, having an illuminating power of 2.47, accord- 
ing to the same standard. 

The Wigan Cannel Coal. 
Specific gravity, 
Volatile matter, .......... 37 

Fixed carbon in coke, • ....... gO 

Ashes, -- 3 

100 

A ton of this coal yields of 

Coke, 1326 

Gas, 338 

Tar, ... 250 

Ammoniaoal water and loss, - - 326 

2240 
This is equal to 9,408 cubic feet of gas, having a specific gravity of 
0.478, and an illuminating power of 1.5, according to preceding stan- 
dard. 

At present I am only able to furnish the ultimate analysis of one of 
these coals — the Wlgan Cannel: 

Carbon, 79-23 

Hydrogen, 6.08 

Sulphur, - ... 1-43 

Nitrogen, ... 1.18 

Oxygen, - 7.24 

93.16 
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The investigations of the past two season have fully proved the fact 
that, in the western coal field at least, the same bed of coal varies con- 
siderably, both in its thickness and chemical composition; for instance, 
the first workable coal under the Anvil Rock ranges, in thickness, 
from twenty-one inches to four feet, and that in the distance of ten 
miles. At the most southwestern of the above localities it has a beau- 
tiful "birds eye" structure, possesses the properties of some varieties 
of cannel coal, and contains nearly ten per cent, more volatile matter, 
over fifteen per cent, less fixed carbon, and eight per cent, more ashes, 
than it does ten miles to the north-west, where it posseses no cannel struc- 
ture. Hence coal locations, even on the same bed, a few miles apart, 
require special examinations, both as to thickness and chemical compo- 
sition; and we are not justified in deciding, because a coal is good or 
bad at one mine, that the same coal may not be better or worse at any 
other, although the probabiliiics may be in favor of analogy in the 
same bed, throughout its area. 

The subject of the equivalency of our Coal Measures is of peculiar 
interest, as well in a scientific as in a practical point of view, both as 
regards their horizontal extension through the different counties in the 
'ivestern coal field, as, also, by drawing comparisons between the 
western and eastern coal field, now separated by an axis of older rocks, 
occupying nearly one hundred and fifty miles of the surface, from the 
present limits of the western to the eastern coal field. At this time 
I am only able to offer a few suggestions on this subject. 

Previous to the survey of Kentucky, the only state which had 
made the detailed stratification of the coal formation a special in- 
vestigation is Pennsylvania. Unfortunately the public has not yet 
had the final report of the state geologist laid before them. Until its 
appearance we shall not be put in possession of all the facts, especially 
the palaeontological data, collected during the survey of that state. 
A very valuable work has, however, recently been issued by J. P. Les- 
ley, the topographical assistant of that survey, containing some excel- 
lent generalizations on this subject, which affords us an opportunity of 
drawing some comparisons from lithological grounds and order of su- 
perposition, and, perhaps, something from topography ; though these 
features, in western Kentucky, are, by no means, as conspicuous as in 
Pennsylvania. 
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It appears, from Lesley's ''Manual of Coal and its Topography," that 
the Pennsylvania Coal Measures are about 1,300 feet in thickness, 
900 feet of which lie from the Pittsburg coal down to the conglome'ralo, 
and four hundred feet above that bed. The four hundred feet imme- 
diately underlying the Pittsburg coal are destitute, except locally, of 
anj' workable beds of coal, and have, on this account, received the 
name of the '•Barren Coal Measures,''' these being limited downwards 
by a prominent sandstone, known as the "Mahoninff Sandstone.'''' This 
sandstone is sometimes pebbly, though it lies five hundred feet above 
the true conglomerate, at the base of the Coal Measures, and, for this 
reason, as suggested by Lesley, would very properly form the base of 
the Upper Coal Measures, as the true conglomerate is the base of the 
Lower Coal Measures. 

Six principal beds of coal are enumerated between the true conglom- 
erate and the Mahoning sandstone, forming the Lower Coal Measures. 
The two lower of these are sometimes united into a thick bed, known 
as the "Mammoth Bed." The third in the ascending series, (or prop- 
erly the second since A and B, of Lesley's section, nny regarded as 
one,) is the great depository of the cannel coal of Pennsylvania. The 
fifth and sixth are known as the Lower and Upper Freeport coals. 

From the Mahoning sandstone to the Pittsburg coal, a distance of 
about four hundred feet, there are but two beds of coal specified, and 
these, usually, only a foot or thereabout in thickness, with some four or 
five beds of limestone in the upper one hundred feet, immediately un- 
derlying the Pittsburg coal. 

Less is known, as yet, of the details of the four hundred feet above 
the Pittsburg coal than of the measures below it. It includes, how- 
ever, the "Great Limestone" of the Pennsylvania Coal Measures, sep- 
arated into two members by a sandstone, more or less developed, which 
lies about one hundred feet above the Pittsburg bed, in which space 
there is one bed of coal between two limestones, measuring, with its 
shale roof, about three and a half feet. Above the "Great Limestone" 
there is but one good workable, reliable coal, lying about sixty feet 
above the "Great Limestone," characterized by a shale roof full of 
ferns: Neuroptetis flexuosa, Cyclopteris obliqua, and Neuropteris 
loschii. 

Taking, for the present, merely lithological and chemical characters 
as the ground-work of comparison between the Kentucky and Penn- 
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sylvania Coal Measures, we are disposed to regard the Mahoning sand- 
stone as the equivalent of our Curlew sandstone, of Union county, 
since it forms the second principal sandstone, in the ascending older, 
above the conglomerate, and has a coal, with limestone under it, in the 
Curlew hill, occupying, apparently, a similar position to the Upper 
Freeport or coal E of Lesley's section, with limestone (E) under it; 
while his description of the contorted Sigillaria, Lepidodendron, and Cal- 
amites sandstone, underlying his coal D, (the Lower Freeport,) with its 
lenticular deposites of coal, figree very precisely with the mass of the 
Finnie Bluff, of Union county, which is the second principal sandstone 
above the conglomerate. 

If the equivalencies here suggested should prove, by subsequent 
investigations, correct, then coal A and B, of the Pennsylvania I\Icas- 
ures, would occupy the place of the Bell and Cook, resting on the Ca- 
seyville sandstone conglomerate, and being the equivalent of the so 
called Mammoth vein, near Johnstown and Tangastootac, where coals 
A and B are united into one bed, practically speaking. If this be the 
case, then in the place of the lower hundred feet of the "Barren Coal 
Mea:^ures," of Pennsylvania, we appear to have two good workable 
coals in Union county, and only a space of one hundred and eighty 
feet between these and the main five foot ]\Iulford bed, to represent 
the three hundred upper feet of the Barren Coal jNIeasures of Penn- 
sylvania. The main five-foot jMulford would, then, be the equivalent 
of the Pittsburg bed. A circumstance which lends probability to this 
suggestion is found in the fact, which I would beg, in this place, to call 
particular attention to, that, of all the Kentucky coals examined chem- 
ically, up to this time, the main five-foot Mulford comes nearest, in its 
composition, to the Pittsburg coal. 

In the one hundred feet above the main five-foot Mulford, and be- 
tween it and the Anvil Rock, in Union county, we can trace, as yet, 
but little analogy to the one hundred above the Pittsburg, with its 
"Great Limestone Bed," which seems to be absent, in Union county at 
least. In the three hundred feet of the upper division of the Upper 
Coal Measures we can trace some analogy with the borings reported 
below the level of Gruudy's ridge; but until these strata can be viewed 
in natural sections, above the drainage of the country, one can hardly 
come to any definite conclusion in regard to the equivalency. 
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If any part of the western Kentucky coal field deserve the name of 
harren, it seems to be the two hundred and fifty feet of space from the 
Ice House to the four-foot bed, the first above the Curlew eandstone; 
but we doubt the propriety of any such distinction, since the Curlew 
coal, below the Curlew sandstone, may prove to be workable in some 
of its area, as at Freeport, in Pennsylvania, where it is six feet thick. 

Partly from diiFerei)ces in the chemical composition of several of 
the upper coals of the Henderson section, and those under the Anvil 
Rock, in Union county, and partly from variations in the lithological 
characters of the associate strata at each locality, together with some 
relations of dip and position in the coal-field, the two sections were 
supposed, in the first year of the survey, to occupy lower and upper 
divisions of the Coal Measures. During the progress of the survey 
facts have come to light which render it possible that the same meas- 
ures which occur in Union county, under the Anvil Rock, are repeat- 
ed in Henderson county, in the Holloway borings, under the level of 
the Ohio, on the east side of the Bald hill and Highland creek axis. 
In consequence, however, of pur knowledge of the lower two-thirds of 
the Henderson Measures being derived from th: reports of borings, 
it has been difficult to draw a satisfactory parallelism. If, however, 
the Great Salt-bearing sandstone occupies a constant geological hori- 
zon, at the base of the Coal Measures, as appears probable from the 
experience in Pennsylvania, and if the western Coal Pleasures are of 
a corresponding thickness to the eastern, then the four foot bed of 
coal, one hundred feet below the bed of the Ohio river, in the Hen- 
derson shaft, would be the equivalent of the Pittsburg coal; and the 
"Twin Vein," near low water mark, would, in that case, represent coals 
near the top of the Upper Measures, near the "Great Limestone," 
while the thick coal reported on the top of the one hundred and fifty- 
six feet of Salt-bearing sandstone, at the base of the Holloway borings, 
would occupy the place of the "Mammoth coal," reposing on the mill- 
stone grit, at the base of the Pennsylvania coal-field. We are led, 
therefore, to suspect that the Holloway borings of 1,037 feet, may in- 
clude members of the lower, as well as the upper, division of the Coal 
Measures, as recognized by Lesley's sections, in Pennsylvania; the 
mere so, since we have some evidence of considerable masses of lime- 
stone in the water-shed between Green river and the Ohio, not far from 
the Holloway borings; nevertheless we are, at present, unable to re- 
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cognize, in the space of three hundred feet reported in the Holloway 
borings, above the Salt-bearing sandstone, either the lower cannel coal, 
(C,) of Lesley's section, or the Ice House coal, (D,) of the Union 
county section, which should come in respectively — the cannel at six- 
ty to eighty feet, the Ice House at one hundred and fifty feet above 
the lowest six-foot coal, placed on the top of the Great Salt-bearing 
sandstone. 

However, to established satisfactorily these identities or equivalen- 
cies between the eastern and western coal-fields, as well as between dif- 
ferent portions of the same connected basin, it is necessary to bring all 
the palaeontological evidence to bear on the subject, especially that re- 
lating to the vertical range of certain species of fossil plants, in con- 
nection with the shells and fishes, and the relation they bear to the 
shale over each bed of coal. In the absence of any botanico-geological 
report of the Pennsylvania Coal Measures, we have to rely upon other 
sources for this desired comparison. 

Before the whole of the second part of this report goes to press I 
hope to be able to lay before you some reliable and valuable informa- 
tion, touching this branch of the survey, since I have been fortunate 
in securing the aid of the highest authority now living, on the identifi- 
cation of the specific characters of the fossil flora of the United States — 
M. Leo Lesquereux, the well known Bryologisfc, who was, for two years, 
charged with the botanical branch of the geological survey of Penn- 
sylvania; whose early life first led him to study minutely the flora of 
peat bogs, and investigate the production of that kind of vegetable 
fuel, of comparatively recent origin, in all its various phases; and who, 
from this study, was very naturally induced to turn his attention to 
the examination of the extinct tribes of plants that flourished during the 
carboniferous era. One who has made these two subjects a speciality, 
during a life of laborious research, must be peculiarly well suited to 
supply the desired information, particularly as a considerable share of 
his experience was gained in Pennsylvania, the stratigraphical relations 
of the Coal Measures of which state we desire, at this time, to bring in 
comparison with those of Kentucky. 

I am unable to say at present, whether, before the second part of 
this report must go to press, sufficient materials shall have been brought 
together to enable M. Lesquereux to make a satisfactory preliminary 
report on this subject, as the large amount of the appropriation re- 
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quired to be expended on the topography of the state will only permit 
me to retain M. Lesquereux's services, in the geological corps of Ken- 
tucky, during a limited part of the present season ; but the importance 
of this branch of the geological survey of Kentucky demands that it 
should hereafter be carried out to its fullest extent, not only for the 
interests of Kentucky, but for that of other states embraced in coal 
districts, which may follow in detailed surveys of their resources in 
fossil fuel. 

OEES. 

Three iron ores, from the Knob Formation of Bullitt county, have 
been analysed— Nos. 488, 489, and 493. Two of these— Nos. 488 
and 493 — belong to the carbonates; one — No. 489 — is a limonite. 
By consulting the tables appended to Dr. Peter's report, the composition 
of these ores will be seen; the two carbonates yield — No. 488, 32.62 
percent, of iron; No. 493, 31.32 iron. The limonite — No. 489 — gave 
43.46 of iron. This latter is in an irregular band and segregrations, lo- 
cally found in the equivalent of the Knob building stone, and is but 
little used at the Bullitt county furnace. Where these ferruginous 
segregations occur in the Knob building stone, they greatly deteriorate 
its quality for constructions. 

For further remarks in regard to the Bullitt county ores, and lime- 
stones used as a flux, slag, &c., consult the body of Dr. Peter's report, 
under Nos. 488, 489, 490, 491, 492, and 493. 

The limonite ore of Carter county, which is associated with the sub- 
carboniferous limestone, proves to be a rich ore; the analysis shows 
54.93 per cent, of iron. It contains, as will be seen by consulting Dr. 
Peter's report, under No. 473, more than the usual quantity of oxide of 
manganese, (3.17,) which will most likely have the effect of producing 
a hard white iron suitable for the manufacture of steel; not perhaps 
from the quantity of manganese which may enter into the composition 
of the steel produced from such cast iron, but from the peculiar condi- 
tion and union which the manganese induces in the iron and carbon, 

The chemical analyses of twenty-eight ores, of the limonite variety, 
have been completed up to this time, since the first report was made; 
these are from the Kenton, Caroline, Pennsylvania, Buffalo, Bellefonte, 
Raccoon, Greenup, Laurel, and Mt. Savage ore banks. 
9 
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Some very interesting results will be found in the chemical report, 
un.ler the head of Greenup county, in regard to some of these ores. 

There have, besides, been completed ten analyses of ores of the 
carbonate variety, from Greenup county, from ore banks in the vicini- 
ty of the above furnaces. 

The ore No. 406, submitted for analysis, from Laurel county, by 
General Jackson, is an earthy carbonate of iron, containing 19.10 per 
cent, of iron, and 3 60 of manganese. No other metal, useful in the 
arts, exists in this ore in quantities over one and a half per cent. The 
carbonate of iron — No. 410 — from Craig's creek, proves to be richer 
in iron than No. 406, since it gave 35.45 per cent, of iron. No. 411, 
from the same county, is also carbonate, yioMipg 33.05 per cent, of 
iron, and no other valuable metal, in sufficient quantity to make it 
valuable for any other purpose but as an ore of iron. 

Ore furnished from Thos. Helm's land, Lincoln county, No. 407, 
has also been examined. It is a carbonate of iron, containing 30.77 
per cent, of iron. 

No. 418, the Monroe county ore, from Malone's land. Cole's fork of 
jMill creek, is a limonite, containing 53 85 per cent, of iron. No. 405, 
from Ohio county, 7 miles north of nartford, near the top of the hill 
at Mr. French's, is also a limonite, yielding 27.64 per cent of iron. 

The ore near high water-mark of Green river, at the Livermore 
landing, in Ohio county, No. 413, contains 42.14 of iron, which is a 
large percentage for that variety of ore. 

Two ores of iron have been analysed from from Pulaski county : 
one — No. 452 — from the head waters of Indian and Rock House 
creek, and Grassy gap, is a carbonate, yielding 35.00 per cent, of 
iron; and No. 54ij, from Rockcastle river, which is an impure limonite, 
containing only 27 per cent, of oxide of iron. 

Two ores have been analysed from Trigg county: one — No. 420 — 
from the waters of Little rivu', which is a limonite, possessing a fine 
honey-ciunb structure, which yields 39.28 percent, of iron; the other, 
from the Kaiae vicinity — No. 421 — is a hsematitic vaviet}' of limonite, 
having a compact texture, which yields 55.60 per cent, of iron. There 
appears to be a considerable body of this ore in Trigg county, at the 
above locality. 

The ore from Warren county, collected in a ridge watered by Clay 
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lick creek, above the conglomerate, is also a hydrated oxide, conlaiuing 
47.02 per cent, of iron. 

No. 450 is a bog ore, from JMeadow creek, in Wayne county, which 
only contains 10.59 per cent, of iron; and No. 453 is the ore former- 
ly used at the old Iron Works of Wayne county, which is a limonite, 
containing 40.82 per cent, of iron. 

Ores from the Log Mountain, in Whitley county, and from the 
falls of the C umberland river, in the same countj^ have been subject- 
ed to further examinations by Dr. Peter, since the first report, with 
similar results. See his report under the head of Whitley county.* 

An ore from the head waters of Mud creek, in the same county — 
No. 448 — is a rich limonite, yielding 56.37 per cent of iron. 

The Poplar creek ore — No. 449 — of Whitley county, is a carbonate 
of irou, containing 37.00 per cent, of iron; that from south part of 
the Pine Mountain is a limonite, affording 44.53 per cent of iron. 

Four ores have been analysed from Edmonson county; three of 
these from near the base of the Coal Measures, in the ridges adjacent 
to Nolin creek— Nos. 414, 415, 410, and 419. Two of these— Nos. 
414 and 415 — are limonites; No. 414 contains forty-two per cent, of 
iron; No. 415, from the shale above the coal, yields 52.31 per cent, 
of iron; the third — No. 416 — is a carbonate, from the shalej above the 
sandstone, gives 37.04 per cent, of iron; No. 419 is a dull yellowish- 
brown limonite ore, obtained in shales above the first coal over the con- 
glomerate; it yielded 43.50 per cent, of iron. 

Two varieties of pig-iron have been analysed, produced at the Lau- 
rel Furnace, in Greenup county — No. 435 and 434. 

Five different furnace slags have been analysed: two produced at the 
Bellemont Furnace, in Bullitt county — Nos. 491 and 492; one pro- 
duced at the Buena Vista, of Greenup — No. 330; two at the Caroline 
Furnace, in Greenup, No. 423 (A,) a granular variety, and No. 423 
{B,) a glassy variety. For details and inferences in regard to these 
the reader will please consult Dr. Peter's report. 

Six limestones have been examined, chemically, from Greenup coun- 
ty, since the publication of the first report, viz: No. 481, used as a 
flux at the Buffalo Furnace; No. 477, under the limestone ore, used 

»For the results obtained previously, see first report, page 225. 
t&ee the Edmonson county section, in the first report. 
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as a flux at Pennsylvania Furnace; No. 433, used as a flux at the Lau- 
rel Furnace; No. 432, ferruginous limestone, running upwards into 
limestone ore, Oldtown creek; No. 426, ferruginous limestone, on 
which the limestone ore rests, Caroline Furnace; No. 427, four-foot fer- 
ruginous limestone, under the limestone ore, Caroline Furnace. 

Three limestones from Bullitt county have also been analysed, one 
of which — No. 490 — is used as a flux at Bellemont Furnace, interca- 
lated in the black shale at the base of the Knobs.* 

These analyses of Kentucky ores, supply ample evidences of the 
abundance of rich ores which exists in the state, both interstratified in 
the Coal Measures, conformable and associated with its coals, dissem- 
inated and associated with the sub-carboniferous limestone, as well as in 
the shales of the Knob Formation, at the base of the sub-carboniferous 
rocks. 

The best ores collected, up the present time, in the Coal Measures 
proper, have been found ia the Lower Coal Measures; there is, how- 
ever, some excellent black-band ore high up in the Upper Measures of 
Muhlenburg county, but, so far as we have seen, only six inches thick; 
and there appears to be a considerable quantity of iron stones in the 
Upper Coal Measures, in the shaly beds, lying some distance under the 
Bonharbor coal. 

A specimen of ore was sent to Dr. Peter for analysis, by 0. C. 
Winburn, said to be obtained from near Irvine, in Estill county, which 
proved to be an ore containing 21.18 per cent, of copper. The local- 
ity of this ore has not yet been examined. If ore of this per cent- 
age exists in a regular vein it is rich enough to work, being above the 
average of copper ores in its yield of that metal. I propose to visit 
this locality in June or July of the present season, examine, if possi- 
ible, its situation, and ascertain its geological position. 

The zinc ore of Monroe county — No. 454 — which we found run- 
ning iu slender veins through limestone belonging to the Devonian 
Period, in the bed -of Sulphur Lick creek, has been analysed. It ia 
essentially a sulphuret of zinc, containing 51.77 per cent, of zinc. 
The sulphuret is combined in this ore with 17.48 per cent, of silica, be- 
sides 6.19 per cent, of carbonates of lime and magnesia, and a little dis- 
seminated sulphuret of kad. 

•For further particulars in rogard to these limcstonea ooaault) Dr. Potot's report, under tbo 
beadi or Creeaup and BuUitt county. 
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Of all the limestones examined up to this time, the pure magnesian 
limestones are, probably, the most durable building material, at least 
amongst the limestones. There are two or more beds of this kind of 
rock interstratified, in the Birds-eye limestone, forming the cliffs of 
Boone creek, in Fayette county. Grimes has opened a quarry into 
these magnesian limestones, which has supplied some of the best build- 
ing stone of central Kentucky. The same beds are seen occupying a 
similar geological position near Roger's mill, a mile and a half from 
Clay's ferry, on the Kentucky river. Dr. Peter has analysed three 
varieties of this rock: one — No. 512 — collected at Grime.s' quarry, 
on Boone creek, which proves it to be a very pure magnesian lime- 
stone — the carbonate of lime and carbonate of magnesia being very 
nearly in the proportion of their equivalents, while the insoluble earthy 
silicates only amounts to 2.79 per cent.; the alumina and fixed alka- 
lies exists in it only to the amount of fractions of one per cent. The 
other variety — No. 511 — which lies in layers from five inches to one 
foot above the last, is not as pure a magnesian limestone; it contains 
a little more than ten per cent, less carbonate of magnesia, and near 
ten per cent, more earthy silicates. This is not as good a building stone 
as the other. The third specimen — No. 513 — was taken from a corn- 
er stone placed as a monument of the boundary of the city of Lexing- 
ton; it is intermediate in quality, containing three and a half per 
cent, less carbonate of mignesia, and 0.59 per cent, more insoluble 
earthy silicates, than No. 512, with a much larger per oentage of 
potash (2.35,) than either of the other two, the origin of most of which 
may possibly be extraneous, as suggested by Dr. Peter, in his remarks 
following the analysis of the specimen No. 513; to which article of his 
report I would call the attention of those interested in the building 
materials of the State. 

In this place I would beg particularly to direct to the notice of the 
citizens of Jefferson county a magnesian limestone, belonging to the 
Upper Silurian Period, lying near the surface in many places in the 
eastern part of that county, and quite convenient to the Louisville and 
Frankfort railroad. The cellular variety— No. 528— probably con- 
tains a little too much magnesia, and is rather too porous to be as good 
a building material as the best of Grimes' quarry, but the compact va- 
riety — No. 530 — differs but very little in its chemical composition 
from the best magnesian limestone of Fayette county; and will un- 
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doubtedly be far superior in durability to many of the building stones 
in use in Jefferson county. 

Two of the limestones before mentioned as having been analysed 
from Bullitt, are also iTiagnesian limestones, belonging to the Upper 
Silurian system. In tlicm the magnesia fillf; from eight to ten per 
cent, short of the best pvoiiortion for a building stone; and No. 495 
has 10.32 per cent, of earthy insoluljle silicates. The ^•ari^ty No. 
494 has, however, but 2.18 per cent, of earthy silicates, and will pro- 
bably make a good building stone. 

Five limestones have been iinalysed, which were supposed to pos- 
sess hydraulic properties from their appearance, fracture, and mode of 
weathering. Oi these. No. 521 is the hydraulic limestone of Jeffer- 
son county, of which such large quantities were excavated out of the 
Louisville caaal, and have; since Ijcen extensively manufictured into 
water cement, and sold throughout the western country, for all pur- 
poses for which such cement is applieaJjle. It is an earthy limestone, 
of a slightly bluish-green ashen tint, with an earthy flat conchoidal 
facture. It contains, as its principal and characteristic censtitnents, 
28. -19 parts of lime, 8.89 of magnesia, and 25.78 per cent, of earthy 
insoluble siiicites, of which 22.58 is pure silica. It is particularly 
worthy of note that the lime and silica in this celebrated and well 
known ceniei:t rock, are exactly in the proportion of their equivalents, 
proAnng, most conclusively, that its hydraulic properties are due to 
this definite chemical relation of these substances, which, after the 
rock is properly burnt and ground, unite, in connection with the water, 
to form a hj'dratcd silicate of lime, in which there is one equivalent of 
silicic acid united to one equivalent of lime, which acts as a powerful 
e'enieiit, to agglutinate the grains of sand added in the mixed mortar, 
which is usually three times. the bulk of the hydraulic lime employed. 
In some hydraulic liinestones magnesia seems to form an important 
constituent, and it is possible that in this cement it may enter into 
chemical union, and act a suhordinate part. It has been remarked, by 
the investigators of hydraulic limestones, that they contain more than 
the ordinary proportion of fixed alkalies. This Kentucky cement rock 
contains 0.32 of potash, and 0.13 of soda, which is rather above the 
average amount in the limestones analysed, though not quite as much 
as the Leptaena limestone of Woodford, No. 547. These alkalies pro- 
bably only act in connection with the lime in the kiln, after the ex- 



GENERAL REPOET OF GEOLOGIffiAL SURVEY. 71 

pulsion of the carbonic acid, in bringing tho silica into that condition 
favorable for its subsequent prompt combination with limo, when mix- 
ed with water, and in the act of cementation. But it is notlikd}- that 
the alkalies enter, as an essential constituent, into the cement, because 
it seems to be expelled with the surplus water which oozes away as a 
slippery ley; and, liecaiise they would, probably, impair the durabili- 
ty of the cement, as they no doubt contribute to the disintegration of 
the original rock in place, so remarkable for the facility with which it 
cracks, splits, and turns to calcarious mud, where exposed to the vicis- 
itudes of the weather. 

In No. 456, the Grayson county "gravestone," the lime is 26.28, 
and the insoluble silicates 20 78. The pure silica was in this speci- 
men not isolated and determined; but it is more than probable that it 
will be found but little under the definite chemical proportion in the 
Jefferson county hydraulic limestone. In the Grayson stone the al- 
kalies are in still larger proportion: 0.50 pota-b, and 0:7 soda. 
There is little doubt, therefore, that it will be found to have hydraulic 
properties, and is altogether unsuitable for building purposes. 

The four-foot bed, near the base of the Upper Silurian system, of Trim- 
ble county, Kentucky, and Jefferson county, Indiana, and from seven- 
ty-five to eighty feet above the jMurchisonia marble, of the Lower Silu- 
rian system, has very nearly the same co^istitution as the Louisville 
water limestone, according to an approximate anuh-^is which I made 
of that rock in 1853. One variety contains 28 per cent, of lime, and 
25 per cent, of insoluble silicates, and 10.00 per cent, of magnesia, 
which is within a fraction of the same amounts of these substances 
found in the Jefferson county hydraulic limestone. There is hardly a 
doubt that this rock has also hydr;!ul;e properties, which of ceiirse is 
sufficient to condemn it at once as a building stone, though the same 
rock has been largely used in the construction of one of the principal 
public buildings in Louisville. 

Of the two limestones from Trigg county, supposed from their ap- 
pearance, to possess hydraulic properties, one, No. 458, contains 28.01 
lime, and 13.68 of earthy insoluble silicates, and 14.77 per cent, of 
magnesia. In this the silica is considerably under the equivalent 
number, but the lime is nearly in the same per centnge as in No. 52 1 . 
It is somewhat remarkable that this rock has 0.92 per cent, of phos- 
phoric acid — even a larger proportion of this ingredient than has been 
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found in any other limestone except No. 484, a limestone from the Low- 
er Silurian system of Anderson county, and some of the dark ferrugi- 
nous, bituminous, limestones occupying the place of the black band 
horizon in some parts of Hopkins county; as for instance, No. 132, 
in the first report; it would, therefore, bo a valuable limestone for 
agricultural purpos.js also. There is considerably more magnesia 
(14.77,) than in No. 521 ; this may be no disadvantage, because it 
appears that magnesian limestones, with proper additions, make excel- 
lent hydraulic mortars — better than limestones without magnesia ; be- 
cause silicic acid seems to manifest a preference to combine with two 
bases rather than one ; for instance, the Tarnowitz limestone, which 
contains 10 per cent, of magnesia, and only 3.3 per cent, of silica har- 
dens very well under water, even without any addition of silica ; in- 
deed, Fuchs "has shown that the two bases — lime and magnesia — can 
combine and harden under water, without the addition or presence of 
any silica; and Dumas, also, has shown that nearly equal equivalents 
of burnt lime and magnesia — i. e. 44 lime to 36.8 magnesia — when 
slaked and made into a paste with water, become tolerably hard after 
being left under water for nine days." In fact the investigations of 
modern science all go to show that the reaction of silicic acid on lime, 
and that exerted between lime and magnesia, are the two principal causes 
of thii solidification of hydraulic limestones ; but the degree of solidifica- 
tion depends much upon the molicular state of the silica, and the 
amount of base already in combination with it. It appears, moreover, 
that when the proportion of lime rises to 48, and the silica to 52 — i. e. 
3 equivalents of lime to 2 of silica — there is no disposition in such a 
compound to harden under w.iter, either in the burnt or unburnt condi- 
tion. In the case of No. 457, from Trigg county, in which the lime is 
43.91, the magnesia 7, and the silica 8.3G, the proportion is one equiv- 
alent of lime to combine with one equivalent of silica, to form silicate 
of lime, and another equivalent of lime to combine with one equivalent 
of magnesia ; hence it is highly probable that this rock will be found 
also to possess valuable hydraulic properties. 

Of the five sandstones, of which the analysis is recorded in the first 
part of this report, three are from the Knob Formation of Bullitt. 
They are not as durable rocks as the fine pure gritstones of the Coal 
Measures, but, by a proper selection, rejecting those beds that contain 
segregations of oxide of iron, and too much argillaceous matter, they 
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afford a building material that works free under the chisel, is suscepti- 
ble of fine carving, and is of tolerable durability. Those of Bullitt 
county, that have been examined, contain from 93.08 to 94.78 of tine 
sand, and 2.85 to 3.95 of alumina, with small portions of oxide of 
iron, only traces of lime, and 0.7 to 2.29 of carbonate of magnesia. 

Two varieties of the mudstone have been analyzed, which is inter- 
stratified in the blue limestone underlying the beech flats, spoken of 
in the second chapter, in connection with the soil of the beech flats of 
Fayette. This is a moi'e argillaceous rock than the preceding sand- 
stone, containing from 8.65 to 10.25 alumina, with a little oxide of 
iron, only a trace of lime, 1.40 to 2.30 of carbonate of magnesia, and 
the largest proportion of sulphuric acid in any sandstone yet examin- 
ed — the very ingredients, therefore, calculated to produce, by its de- 
composition, astringent salts. It is worthy of especial note, in this 
connection, that the only regions in the range of the blue limestone 
formation, where I have found milk-sickness prevail, follows most re- 
markably the out-crop of this mudstone, as I have elsewhere stated. 

MINERAL, SPRING, AND WELL WATERS. 

Since the first report was made, thirty-eight mineral and other wa- 
ters have been examined and analyzed. Of these, twenty-five have 
been tested, qualitatively, at the fountain head; while quantitative 
analyses have been made of thirteen in the laboratory, which will be 
found tabulated and reported by Dr. Peter, under the head of Lincoln 
county, in the first part of his report. The twenty-five which were 
tested at the fountain head I now proceed to report on. 

Yelvington Spring, Daviess county, showed the presence of 

Free carbonic acid; 

Bi -carbonate of lime; 

Bi-carbonate of magnesia; 

Chloride of sodium; 

A trace of oxide of iron. 

There is perhaps a trace of carbonate of alkali, which may give the 
flat taste to this water, after it has stood for some time; but the reac- 
tion of the reagents which detect these salts is so indistinct, in the 
unconcentrated water, that it is difficult to decide. Part of the mag- 
nesia present may be united with chlorine as chloride of magnesium. 
10 
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If sulphates are present they are in too small quantities to be detected 
with any degree of certainty, without boiling the water down. 

The Oliver Spring, in the same county, on the waters of Blackford, 
gave nearly the same results, except that there is more oxide of iron in 
that water. 

During July of 1856 the Paroquet Spriogs were tested at the foun- 
tain head, qualltalivdii ; since that time the principal spring has been 
analyzed, quantiluiivchi, by Prof J. Lawrence Smith, of Louisville, with 
similar results as to the principal laces and acids. I subjoin Prof 
Smith's analysis as it gives the giiantilies of the saline ingredients in a 
gallon of the water. 

Sulphuretted hydrogen, 30 cubic inches; 

Carbonic acid, 6 cubic inches; 

Chloride of sodium, 309.6000 grains; 

Chloride of calcium, 07.7100 grains; 

Chloride of magnesium, 48.0300 grains; 

Chloride of potassium, 0.4860 grains; 

Sulphate of soda, 2.4120 grains; 

Sulphate of lime, 2. 2 SCO grains; 

Sulphate of alumina, 0.4920 grains; 

Carbonate of soda, 0.3780 grains; 

Carbonate of lime, 2.4000 grains; 

Carbonate of magnesia, 1.5060 grains; 

Carbonate of iron, 0.1800 grains; 

Iodide of sodium, 0.1500 grains; 

Iodide of magnesium, 0.2460 grains; 

Bromide of sodium, 0.1800 grains; 

Bromide of magnesium, 0.3120 grains; 

Silica, 3.9000 grains; 

Organic matter, 2.1300 grains. 

When examining the Paroquet Spring it was a question with me 
whether a portion of the magnesia found was not combined with sul- 
phuric acid as sulphate of magnesia. I perceive Prof J. Lawrence 
Smith has given the most of it to the chlorine, considering it to exist 
mostly as chloride of magnesium. A difficulty has arisen in my mind, 
as to the compatibility of that salt with carbonate of soda. It is pos- 
sible, that in small proportions these salts may exist ioffetkcr in solu- 
tion; though in larger proportion the carbonic acid would certainly go 
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over to the magnesia, while the soda would combine with the chlorine. 
As there does not appear to have been sufficient sulphuric acid found to 
saturate moi'e than the soda and lime, it is inferred that the most of 
the magnesia is united with chlorine, the only element which existed in 
sufficient quantity to saturate the surplus of that alkaline earth, over 
and above that which is combined with carbonic acid, iodine, and 
bromine. 

The presence of chloride of magnesium, in large quantities, in either 
well, spring, or mineral waters I regard as objectionable. The propor- 
tion in this water may not, materially, detract from its other virtues, 
derivable from the presence of the sulphur, chloride of sodium, and 
iodine, which act beneficially on diseases of the skin, digestive organs, 
and glandular system. 

The qualitative examination of the "Alum Spring," at the base of 
Bardett's Knob, on James Richardson's place, gave as its principal 
constituents, 

Sulphates of alumina and protoxide of iron; 

Bi-cavbonate of lime; 

Bi-carbonate of magnesia. 

It has strong astringent properties, and ia, uudoubtedly, deleterious 
to health. 

This water issues from near the out-crop of the hydraulic limestone 
and black slate, at the base of an outlier of the Knob Formation, a 
a mile and a half from the forks of thu turnpike leading from Danville 
to Lancaster. 

A well water was also tested at the forks of the above road, on Mrs. 
Hoskins' place, which was found to contain chiefly, 

Bi-carbonate of lime; 

Bi-carbonate of magnesia; 

Sulphate of soda; 

Sulphate of magnesia. 

The nearest underlying rock on this farm is a subcrystaline, blue 
limestone, with cherty segregations belonging to the lower silurian sys- 
tem, and containing Atrypa modesta, and a coarse ribbed Orthis like 0. 
Calligranima- 

Yates' mineral water, in Boyle county, near the base of "Knob 
Lick," contains principally, 

Bi-carbonate of lime; 
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Bi-carbonate of magnesia; 



'} 



Chloride of sodium; 

Sulphate of soda; 

Sulphate of m:ignesia; 
and, perhaps, a small quantity of carbonate of soda, as it has an alka- 
line reaction on litmus and georgina paper, and gives some indications 
of the presence of carbonate of alkali with tincture of champeachy 
wood, and addition of chloride of calcium and sulphate of copper. 

The well from which this water was taken is sunk in the ash-colored 
argillaceous shale of the Knob Formation, and goes four feet into the 
black shales of the Devonian Epoch. 

In Lincoln county, at the sources of Salt river, a sulphuretted wa- 
ter, issuing from the above black shale, gave to chemical reagents the in- 
dication of the same saline ingredients as in the Yates well, with the 
addition of free sulphuretted hydrogen. This water is known as the 
"Nevien's Sulphur Spring." 

The Rochester Mineral Spring is in the blue limestone formation of 
the western part of Boyle county. This water contains a large quan- 
tity of magnesia, mostly in the state of sulphate. 

Its principal ingredients are, 

Sulphate of magnesia; 

Sulphate of lime; 

Sulphate of soda? 

Probably a small quantity of alumina? 
and a trace of sulphate of protoxide of iron. 

Janes' mineral water, of Washington county, on Road run, four miles 
from Springfield, is a sulphuretted saline water, containing 

Free sulphuretted hydrogen, strongly impregnated; 

Chloride of sodium; 

Sulphate of soda; 

Sulphate of magnesia; 

Bi-carbonate of lime; 

Bi-carbonate of magnesia. 

This spring issues through the Lynx beds of the blue limestone^ 
which prevail along the bed of Road's run. 

The examination of the water of the public well, at Bloomfield, 
in Nelson county, indicated, as its principal constituents, 

Chloride of sodium; 
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Bi-carbonate of lime; 

Bi-carbonate of magnesia; 

Sulphate of soda; 

Sulphate of magnesia. 

The water has a feeble alkaline reaction, and may contain a trace of 
carbonate of soda, and a trace of alumina. The rock of this part of 
Nelson belongs to the Lower Silurian Period, and is of a blue color 
and subcrystalline texture. There are several mineral waters in this 
formation, in the vicinity of Bloomfield. 

The examination of R. B. Grigsby's "White Sulphur Mineral Wa- 
ter" indicated, 

Free sulphuretted hydrogen, (tolerably strongly impregnated) ; 

Chloride of sodium; 

Sulphate of soda; 

Sulphate of magnesia; 

Bi-carbonate of lime; 

Bi-carbonate of magnesia; 

It has a slightly alkaline reaction, and the log-wood test, with chlo- 
ride of calcium, indicates a small quantity of carbonate of soda. 
There is also a trace of bi-carbonate of iron. The water is a tolerably 
strong sulphuretted saline water, with slight tonic properties. A pe- 
culiar shell-earth, derived from the disintegration of a bed of the blue 
limestone, of which I had occasion to speak in the chapter on 
"Agricultural Geology," is well developed on this property, under the 
soil. 

The "Mammoth Well," on the west branch of Simpson creek, in this 
county, was found to contain 

Chloride of sodium; 

Bi-carbonate of lime; 

Bi-carbonate of magnesia; 

Sulphate of soda; 

Sulphate of magnesia; 
and a trace of iron. 

It is a feeble tonic, and mild aperient and alterative. 

The Creel "White Sulphur Mineral Water," in Marion county, gave 

Free sulphuretted hydrogen; 

Chloride of sodium; 

Sulphate of soda; 
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Sulphate of magnesia; 

Bi-carbonate of lime; 

Bi-carbouate of magnesia; 

A little carbonate of soda. 

This water is distinctly alkaline. 

The reaction of the Campbellsville "Sulphur Water," with reagents, 
indicated, as its constituents, 

Free sulphuretted hydrogen; 

Sulphate of soda; 

Sulphate of magnesia; 

Chloride of sodium; 

Chloride of magnesium; 

Bi-carbonate of lime; 

Bi-carbonate of magnesia; 

Trace of carbonate of soda. 

This water is from the table land of the sub-cirboniferous limestone 
of Taylor county. , There u^-ed to be a noted lick at the place where 
the gum enclosing this water is sunk. 

The water of the well, at the hotel in Campbellsville, was tested, 
which showed it to be a hard limestone water. 

There are fine springs of water in Ta3'lor countj^, between Camp- 
bellsville and Saloma. 

Examination of Washington Bell's Sulphur Spring of JNIarion: 

Free sulphuretted hydrogen, and trace of suliihuret of alkali; 

Chloride of sodium; 

Sulphate of soda; 

Sulphate of magnesia; 

Bi-carbonate of lime; 

Bi-carbonate of magnesia; 

Carbonate of soda. 

This water has a distinct alkaline reaction on reddened litmus paper. 
This water issues from the black shale of the Devonian Period, on Sul- 
phur Lick creek, and is now owned by Ex-Governor Wickliffe. 

At the Plantation Lick, three to four miles from Sulphur Lick, 
where this water issues, some salts have been made, probably a mixture 
of sulphate of magnesia and chloride of sodium. 

In Nelson county, in the precincts of New Haven, James T. Weath- 
ers' well water was examined, which gave 
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Trace of sulphuretted hydrogen ; 
Sulphate of m.ignesiu; 
Sulphate of soda? 

Small quantity of chloride of sodium; 
Bi-carbonate of lime; 
Bi-carbonate of magnesia; 
Trace of carbonate of soda and iron. 

This water has a feeble alkaline reaction. It is a mild aperient, and 
feeble tonic. 

The ash-colored and black shale of the Devonian Period are the 
strata exposed in the vicinity of Mr. Weathers'. 

The "Howell Mineral Spring" is an alkaline saline ch:dybcate, which 
issues in a copious flow from the sub-carboniferous limestone of the "Bar- 
rens" of liardin county. This is a remarkable mineral water, having 
more iron, and a stronger alkaline reaction, than most of the taline 
waters hitherto tested. Its constituents are 
Sulphate of magnesia; 
Sulphate of soda? 
Chloride of sodium; 
Bi-carbonate of lime; 
Bi-carbonate of magnesia; 
Bi-carbonate of protoxide of ii'on;* 
Carbonate of soda. 

The Bedford Spring, owned by Noah Parker, in Trimble county, is 
collected in a basin of the blue limestone, which has a hydraulic layer 
of four to five feet, interstratified, from which a part of the water seems 
to come. Its constituents are 
Chloride of sodium; 
Sulphate of soda ; 
Sulphate of magnesia; 
Bi-carbonate of lime; 
Bi-carbonate of magnesia; 
Carbonate of soda. 

It has an alkaline reaction to test paper. 

The Epsom Spring, owned by Thomas Rolland, in this vicinity, con- 
tains the same ingredients, only the sulphate of magnesia seems to be 
in larger proportion. 

»Some of the iron may be in tlie state of sulphate. 
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In Gallatin coanty, at "Big Lick," on Lick creek, a branch of Eagle, 
a fine sulphuretted saline water was tested, boiling up in a constant 
flow, and blackening the ground around. It contains 

Free sulphuretted hydrogen; 

Sulphate of magnesia; 

Sulphate of soda; 

Chloride of sodium; 

Bi carbonate of lime; 

Bi-carbonate of magnesia; 

Carbonate of soda. 

It has a slight alkaline reaction, and indicates a trace of sulphuret 
of alkali, with the nitroprusside of sodium. 

Examination of a water, two miles from Dowlingsville, near Clark's 
creek, in Grant county, where the silicious mudstone rock, associated 
with the Blue Limestone Formation, prevails, and where, in dry seasons, 
milk-sickness is prevalent: 

Bi-carbonate of magnesia; 

Bi-carbonate of lime; 

Chloride of magnesium; 

Sulphate of soda, (small;) 

Sulphate of magnesia? 

Suspended, and perhaps dissolved, alumina. 

The most remarkable feature in this, and some other waters to be 
noticed, occurring along the same range of the geological formation, is 
the proportion of magnesia, which is considerably more than is usually 
found in water used for domestic purposes, and which, probably, exists 
partly in the state of chloride, which is an objectionable form of mag- 
nesian salt for waters in habitual use, in proportions above the normal 
standard. To determine whether the magnesia is mostly in this con- 
dition would require a careful quaniitalivc analysis in the laboratory 
which would be a very important investigation, and which I propose 
hereafter to have instituted ; because the therapeutic effects of chloride 
of magnesium, taken in considerable quantit'es, border closely on 
those prominent in milk-sickness, as will be perceived by the following 
description : 

Action of chloride of magnemim on the animal economy. Acid eructa- 
tions, with regurgitation of the injesta. Nausea, with accumulation of 
water in the mouth. Oreat tveakness in the lower limbs, tvith si/mpioms 
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of vjeariness. Constipation, with urgent desiro for stool, with shutlJer- 
iiig after each effort. Fsecos, when expelled, are sca;ity, either soft or 
ia knots, like s/icey).s duuff, with ai appearance as if burnt; sometimes 
covered with mncus. This follows by a diarrhea. 

Som3 of these last effects are perhaps not observed in milk-sickness, 
but the first are, so th it it is highly probable that an extra proportion 
of this salt, together with other astringent f^alts, such as sulph ite of 
a'umina and iron, and perhaps suspended c'.ay in water, may combine 
to produce that mysterious disease. 

At all events, it is worthy of particular notice, that this complaint 
follows precisely the geological range of the silicious mudstone or 
'■rotten suudsione,''' interslatified in the blue limestone formation of 
Scott, Owen, Grant, Boone, and other counties of central Kentucky; 
and, so far as my observations have yet extended, no where else within 
the mnge of that particular geological formation; in connection with 
the fact that the waters, which I have so far had occasion to tesr, quali- 
tatively, in the worst milk-sick regions of these middle counties of the 
state, contain more than the normal proportion of magnesia. This is 
the case with the so-called "Poison S[iring," whii-h I tested, in the 
north eastern part of Grant, and elsewh.re along the belt of country 
ranging with the out-crop of this peculiar member of the rocks of 
central Kentucky. 

The '-Ilardinsville Sulphur Spring," which issues from encrinital 
layers of the blue limestone of Franklin county, contains 

Free sulphuretted hydrogen; 

Chloride of sodium; 

Bi-carborate of lime; 

Bi-carbonate of magnesia; 

Tia?e of sulphate of soda; 

Ti-ace of sulphate of ipagnesia; 

Carbonate of soda? 

This water seems to have a feeble alkaline reaction. 

Reuben Jesse's mineral water, of Woodford county, near Versailles, 
struck by sinking a deep well in the blue limestone formation, contains 

Free sulphuretted hydrogen; 

Chloride of sodium; 

Bi-carbonate of lime; 

Bi-C9.rbQiiate of magnesia; 
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Trace of sulphate of soda; 

Chloride of magnesium? 

The Harrodsburg "Saloon Spring," in Mercer county, is a saline 
water, in which magnesia is in large quantity, combined, in all proba- 
bihty, with sulphuric acid. Its principal constituents are 

Sulphate of magnesia; 

Sulphate of lime; 

Bi-carbonate of lime; 

Bi-carbonate of magnesia; 

Trace of chlorides, and a small quantity of carbonate of protoxide 
of iron. 

The "Greenville Spring," at Harrodsb'urg, has only a trace of sul- 
phuretted hydrogen and iron ; otherwise, it is very similar, in its com- 
position, to the Saloon Spricg. There is perhaps, a small quantity of 
alumina in both, but it is difficult to appreciate it in the unconcentrat- 
ed water. 

The beds of the blue limestone, which are exposed near these min- 
eral springs, are characterized chiefly by Chcstetes. There are, howev- 
er, blocks of birdseye textured limestone, lying in blocks around and 
in the masonry of the wall built around the Saloon Spring, and which 
were quarried near by. 

The mineral waters, at the celebrated locality of Big Bone Lick, in 
Boone coiinty, now owned by 'Six. ^tlcilanning, are truly fine sulphu- 
letttrd saline waters, of which there is the most abundant supply from 
the several springs which bul^t forth, in various directions, from the 
boggy flats forming the sources of Big Bone Livk creek, enclosed by 
an amphitheatre of hills coriiijosed of Lcplcena, Orihis, and Chceteies 
beds of the blue linifstoae, amongst which the Leptcena Srricea is 
coaspicu(.ius, towards the base of the surrounding slopes. 

The qualitative examination of these waters, at their fountain head, 
indicated, as the principal constituents, 

Sulphur-, tfced hydrogen, which escapes in intermittent volumes, prov- 
ing the water to be saturated wilh this gas; 

Chloride of sodium; 

Siiiphaie of magnesia; 

Sulphate of soda; 

Sulphate of alumina? 

Bi-carbonate of lime; 
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Bi-carbonate of magnesia; 

Carbonate of soda. 

This water has an alkaline reaction. 

It was only in a few instances where any attempt was made to test 
for iodides, bromides, and other ingredients that may exist in these 
waters in minute quantities, because it requires large quantities of the 
water to be boiled down in order to arrive at any satisfactory conclu- 
sion as to their presence or absence; but many of these waters deserve 
a careful quantitative analysis ; but for this purpose a special journey 
must be made to collect the water in sufficient quantity, and with the 
necessary precautions, to fix the evanescent constituents on the spot, 
and transport the water to the laboratory. The proportion of the fix- 
ed constituents can, however, be determined, if the water is put up 
well, by the proprietors of the springs, in clean bottles, and forwarded 
to Dr. Robert Peter, at Lexington, the Chemical Assistant of the Sur- 
vey, if the legislature provide for the continuance of the survey. 

In connection with this subject, it would be a matter, not only of 
scientific interest, but of practical utility, to have the waters of all the 
principal rivers of Kentucky analysed, quantitatively, in order to judge 
of the effects they may have upon the system, and when used for va- 
rious industrial applications. 



CHAPTER IV. 

STRATIGRAPHICAL GEOLOGY. 

DAVIESS COUNTY. 

Some further examinations have been made in this county," chiefly 
in the vicinity of Big and Little Blackford creeks. The predomicat- 
ing rock is a soft and rather ferruginous sandstone, passing downwards 
into a grey shaly clay, with imperfect seams of coal; below which is 
darker shale, with streaks of coal; under this is a scam of ccal the 
thickness of which has never yet been ascertained. 

North of Yelvington, on J. M. Robinson's place, just above his 
spring, there is a brownish freestone, which shows itself half a mile to 
the south. On Mr. Beauchamp's place, adjoining, limestone occurs to- 
wards the top of the ridge; and north of his house three to four feet 
of ferruginous limestone occurs, about half way up the ridge, near 
Robert's line. It seems to sink towards the west, as a limestone, ap- 
parently the ."^amo, has been burnt for lime at a lower level. Below this 
is a shaly fire-clay, where a spring issues. Here Wm. Bcauchamp made 
a partial examination for coal, but never proved the ground. 

One and a half miles east of Yelvington, at Mason Lee's, there is 
three feet of coal, without any regular covering, as far as it has been 
entered. 

Near the head of Big Blackford, on a high o.ik ridge, a hard quartz- 
036 sandstone is exposed. 

The sections hitherto obtained, in this part of Daviess countj^, are 
too obscure,' and the exposures of out-crop too few and far apart, to en- 
able me to make a satisfactory section of the succession until the de- 
tailed survey is carried over this and the adjoining counties. 

SUB-CiEBONIFEROUS E0CK3 IN BRECKINRIDGE, MEADE, AND HARDIN COUNTIES. 

Near the head of the west fork of Clover creek I obtained the 
following section of the limestone, shaly limestones, and marly shales, 
with some alternations of sandstone, underlying the Coal Measures and 
upper conglomerate at the top of the hill, or its sandstone repre- 
sentative, since, on the eastern edge of the western coal field, it 
has only locally pebbles disseminated. 
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Feet. 

230. Hard, thin-bedded sandstone, witli red ferruginous subsoil near the top of 

the ridge, with perhaps a ten inch coal in this space. 

170. Ferruginous sandstone. 

160. Ferruginous sandstone. 

150. Ferruginous sandstone. 

142. Grey limestone, with chsetetes abundantly disseminated. 

120. Sandstone — red externally, white internally. 

112. Light-colored limestone. 

100. Sandstone and light grey limestone alternating. 

85. Sandstone and light grey limestone alternating. 

83. Marl, with some sandstone. 

71. Schistose impure limestone and sandstone. 

67. Earthy, shelly, limestone. 

65. Marl. 

63. Brownish sandstone. 
61. Marly earth. 

60. Top of bench of light-colored limestone, in benches with marly interstices. 

64. Light grey limestone; thin streak of coal? 
63. Bench of buff calcarious rock. 

Marl. 
47. Bench of light reddish-grey earthy schistose limestone, two feet nine inches. 

Marl. 
41. Bench of rugged calcarious rock nine feet. 

Marl. 
32.5 Bench of rugged calcarious rock. 
32. Ash-colored marly shale. 

19. Ash-colored earth, and ferruginous calcarious rock. 
15. Ash-colored earth, less ferruginous. 
10. Ferruginous marly shale. 

6. Light buff marl, with earthy light-colored schistose limestone. 
6. Green and ferruginous shale. 

0. Dark marly shales extending to the foot of the glade, where the measure- 
ment was made. 

In the last cut of the railroad about half a mile from Cloverport, the 
hase of the saudstone for two and a half to three feet, is strongly im- 
pregnated with petroleum ; so much so, that it oozes out from its pores, 
and trickles pn the ground. The rock has a dip 50° west of north, at 
an angle of about 5°. 

In Hickory Hollow, up a ravine to the west of the railroad, the 
Archimedes Limestone is exposed, with other fossils to be hereafter de* 
scribed. It lies here from fifteen to twenty feet below a sandstone, 
which is undoubtedly the equivalent of that which forms the vertical 
cliff above the Tar Springs. These underlying limestones are the ex- 
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act equivalent of the beds which were observed in 1845, at the falls of 
Rongh creek, in the northwest corner of Grayson county. 

The Tar Spring sandstone, near where the railroad intersects the line 
of separation between Breckinridge and Hancock countie.?, is very 
nearly one hundred feet above low water of the Ohio river, at Cloverport. 
At this point the sandstone is about fifty-five feet in thickness, and the 
top of it one hundred and fifty feet approximately above low water on 
the Ohio river. This sandstone is remarkable in Breckinridge county 
on account of the fine springs of petroleum which issue at its base, 
close to its junction with the Archimedes limestone. It oozes in the 
form of a thick oily fluid, nearly of the color and consistence of mo- 
lasses; collecting more copiously in wet than dry weather; and, ap- 
parently, where the sandstone rock is comparatively thin. At Thomas 
Jackson's about ten barrels are collected in a y( ar, but much more 
might be obtained if proper precautious were taken to save it. From 
the fact of its oozing more abundantly in wet wcathm;, it is probable 
that the rain water filtering through the porous sandstone carries the 
oil with it to the base of the rock. 

In some places in the same cliff of sandstone, above that part im- 
pregnated with petroleum, is of snowy whiteness, fit for the use of the 
glass manufacturer, and forms a most remarkable contrast to the dark 
umber of the same rock, saturated with the oil. Where it runs off on 
the ground it becomes inspis.sat .d into masses having a hardness and 
appearance intermediate between pitch and asphaltum, incrusted and in- 
corporated more or less with earthy materials aud small gravel. Cat- 
tle seem to have a predilection for it, and it is undoubtedly a valuable 
remedy in milk-sickness, for burns, and obstinate cases of rheumatism, 
for which it is used both externally, as a rubefacient, and internally. 
This "tar sandstone" occupies the same geological horizon as the Rock 
House sandstone, on the head of Shotpouch creek It marks the lim- 
it in connection with the underlying Archimedes limestone, of the pro- 
ductive Coal Measures, since no coal, of more than six to ten inches, 
has ever yet been found under it, and probably never will ; because the 
circumstances favorable to the production of thick beds of coal do not 
appear to have existed, in the region of the western country, at least, 
until after the deposition of this bed of sandstone. 

Near the head of Sinking creek a lower bed of sandstone than the 
Tar Spring sandstone, of thirty -eight feet in thickness, was observed 
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about twenty-five feet above the bed of the creek; at sixty-five feet 
buff Archimedes limestone, associated with white colitic beds, suiiablo 
for making fine white lime, and, if fairly opened in a quarr}', might, 
pcibaps, alfiird an (lo'.ite marble, such as is now worked by some of iho 
marble cutters of the west. At eighty feet, in the same hill, is anoth- 
er bed of bnffj encrinital and Archimedes Limestone. Below the £and- 
fctone G.Uf is a durk, marly shale, underlaid bj reddish-grey productal 
limestone. 

The succ:'S.sion of the sub-carboniferous rocks, in Breckinridge coun- 
ty, west of Sinking creek, Irom the Tar Sandstone downwards, is as 
follows: 
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Upper Pentrimite and Archimcde.-' limestone. 
Grey slialc and pliice ol six to ten inches of coal. 
Locally marly slulcs, Archimedes and oolitic limo 
stones. 

Sandstone 20 to 40 feet, softer and more schis- 
tose than the upper. 



Marly shale 10 to 20 feet. 

Productal and Archimedes Limestone. 

Cherty limestone and chert. 

Sandstone 15 to 25. 



Thick bedded litnestone with cherty segregations 
extending down to Licking creek. 



It is to he ob- 
served, liowevcr, 
that there are 
c n s i d e r a bio 
modifications in 
the relative 
thickness of the 
limestones, 
shales, and sand- 
stones, at differ- 
e n t localities 
sometimes not 
far apart. 

On the cast 
side of Sinking 
creek, in the vi- 
cinity of the Big 
Spring road, 
there is little or 
no sandstone vis- 
ible, and the soil 
becomes of a red- 
der cist as the 
middle cavernous 
beds of the sub- 
c a r b n i ferous 
limestone rise 
from beneath the 
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drainage of tVe country. In consequence of tin.; cavernous nature of 
the limestones in tlie eastern part of Breckinridi^v, a great deal of the 
sur!acj-water sinks away into suhtevrancan passa;j;es, and comes out in 
bold springs at the Big Spring and "Good Spring," near the eastern con- 
fines of the county.. In some places \vat<'r may be reached in wells, 
even at the depth of thirty feet; but many wells have been sunk fifty 
to sixty feet without getting water. 

The characteristic Ibssil cor A of the cherty beds of the sub-carbon- 
iferous limestone, in their southern and western range, does not seem 
to be abundant in this part of Breckinridge county; indeed, organic 
remains generally are few compared with what are usuilly found in the 
equivalent beds elsewhere. 

Near the confines of Breckinridge and Meade counties, some of the 
beds of the sub-carboniferous limestone have the fine grain and smooth 
texture of lithographic limestones, and it is very probable that by open- 
ing quarries valuable beds might be found, which, if free from fl iws 
and dry cracks, would fetch in the market twelve to fifteen cents per 
pound, and command ready sale. 

Rock, possessing the stracturc of lithographic limestones, were also 
observed about ha'f way down the desc.'nt to Otter creek, in Meade 
county, on the road from Good Spriiigto Garnettsville. 

The following sections, taken in Me ide county, along the bluffs on 
the Ohio river, will convey an idea of the succession of the beds above 
low water of the Ohio rivir 

Section near Concordia. 
Feet. 

2-10. Red limestone, with Avcliimedes.* 

225. Oulilio limestone. 

220. Biise of bench of lliesc limestones. 

i93. Top of heavy k'dye of sandstone, ten feet in thickness. 

180. Fine!}' laminated shaly sandstone, uadeilaid by dark shale and shaly sand- 
stone. 

155. Top of limestone cliff of thirteen feet. 

142. Base of redilish-yrey solid limestone. 

140. Lisjht gny shale passing into shaly sandstone. 

lo."). Ashciilored shale, three feet, and base of tivt fuel ledge of sandstone. 

90. Top of bench of limestjne, slope concealed. 

*Iii the spaces between the rocks noted the rocks arc cunceided from view bv dibris. 
13 
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Feet. 
74. Bottom of a limestone bench. 
63. White and j^ellow sandstone. 

35. Top of white and brown sandstone speckled with red, irregular in struc- 
ture, 
33. Bottom of sandstone and top of ledges overhanging the river bank. 
26. White limestone, with dendritic streaks. 
20. Brown sandstone and Euomphalus brown limestone. 
L. W. Compact white limestone. 

Section one mile above Concordia. 
Feet. 

270. Top of ledges of sandstone. 
230. Base of ledges of sandstone. 

Slope of strata hidden. 
230. Top of bench of upper Archimedes limestone. 
225. Red limestone on weathered surface. 
220. Oolitic limestone. 

Slope, strata hidden. 
180. Top of sandstone. 

140. Shales interlaminated with red speckled sandstone, and top of reddish- 
grey hard limestone, forming together a cliff of fifty feet space where 
strata concealed from view. 
70. Pentremital limestone. 

65. Red limestone, underlaid by brown, rugged, sandstone. 
25. Top of white limestone. 
5. Base of white limestone. 

Section at Glen's, Adit between, above Boonaport. 
Feet. 

275. Upper Archimedes limestone. 
250. Calcarious sandstone. 

Limestone. 
230. Top of argillaceous marly shale with alternating thin bands of limestone 

in which adit run in search of coal. 
210. Bottom of Glen's Adit. 

Vertical cliif of heavy beds of limestone fifty to sixty feet. 
160. Base of overhanging ledges of limestone. 

Soft decomposing marly limestone. 
130. Oolitic limestone of which white lime is made. 

Slope of one hundred and twenty feet where strata are concealed. 
L. W. Light grey compact limestone at low water of the Ohio river. 

Section ti few miles higher up. 
Feet. 
300. Top of ridge and top of sandstone ledges. 

Slope where strata concealed. 
266. Upper Archimedes limestone. 
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Feet. 

245. Lower ledges of a bencli of limestone. 

100. Base of heavy ledges of limestone. 

One hundred feet nearly concealed bv talus. 
L. W. Light grey compact limestone at low water. 

Section on Kentucky shore, opposite Leavenworth. 
Feet. 

300. Sandstone and shale at the base of the coal measures, near the top of the 
ridge. 
Red and grey sandstone. 
280. Top of Pen:remilal and Archimedes limestone associated with a rich Pro- 

ductal and Terebratula limestone. 
240. Buff Archimedes and Pentremital limestone. 

Long slope where strata are concealed. 
160. Limestone in thick beds forming a bench. 
L. W. Aulopora and Oyathophyllum limestone. 

Section of hlvff below Indian creek. 
Feet. 

340. Brown sandstone near base of the coal measures. 
300. Top of limestone. 
285. Bed of white interstratified sandstone. 
200. Base of overhanging ledges of limestone. 
Decomposing ledges below. 
70. Base of rocks visible. 
L. W. Ohio river. 

Section two miles above Xorth Hampton, near lime kiln. 
Feet 

300. Highest limestone observed, with oolitic limestone beneath. 
255. Ooliiic limestone. 
220. White oolitic limestone. 

190. Rugged weathering limestone, of the Barren limestone series. 
80. Base of cliff. 

62. River bottom land a little above high water mark. 
L. W. Low water of the Ohio river. 

Section five and a half miles above Brandenburg. 
Feet. 

265. Top of hill and second cliff composed of close-texlured, grey sonorous 
limestone, passing downwards into agranular limestone, with buff mag- 
nesian layers near the 
160. Base of the chft'. 

160. Slope with schistose and more earthy-textured limestones. 
125. Top of first cliff or bench. 
121. Top of quarry, composed of sub-crystalline stratified limestone. 

Dark grey and buff magnesian limestone. 
100. Base of quarry. 
L. W. Low water Ohio river. 
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SeveiMl other sections have been made, on the Ohio bf rdcr of ]M( aile 
and Hardin counties, but those gi\'en will lie sufficient, at this lime, to 
show the nature of the rocks belonging to the sub-cnbonilerous lime- 
stone group, underlaying these two counties. It will be ob.-eived that 
the strata at the very base of the coal measures onl}^ cap the tops of 
the highest hills, which would have to be at least fil't}' to one hundred 
feet higher to bring in any workable coal. 

I would also cill attention to the fact of the numerous repi^titions of 
sandstones interstratified in the sub-carboniferous limestones of Meade 
and Breckinridge. 

The most valuable materials under the soil of Meade and Hardin 
counties, so far as I have yet seen, are the materials for constructions, 
oolitic marble, lime, and lithographic stones, and the msrly beds, some 
of w])ich would be excellent for improving the more sandy soils uf this 
and the adjacent counties. 

A large area of Hardin county is 1 ased on the cavernous mcnibu's 
of the sub-carboniferous group, proved by the disap] ( arance of streams 
from the surface for many miles and the gushing out, locally, of sub- 
terranean springs. There is, also, evidence of the existence of veiy 
numerous caves, in this county, eqiccially on the waters of Linder's 
creek, perhaps as extensive as in the eastern part of Edmonsem 
county. 

About two miles west of Elizabefhtown abed of errlhy-textnred 
limestone crops out near the read leading to lJow(.'ll Ppiirgs, which 
has all the appearance of possessing liy(!raulic pi'operties. ll is a-so- 
ciated with other vaiicties of clo'.e grey limrsluius with avgillace'ous 
lartings, which appiuaehes, in its chaiacter, to lithogiaphic limestone. 

Six miles west of Elizabethtown freestone erdps out, which is one of 
the few localities where this kind of rock readies the surlace, since 
sandstones have only been observed in this western poition of Hardin, 
near the Gniyson line, on the AmNrs of Nebo, Biusby, and M. eting 
House creeks, and the argillaceous freestone of the Knob Formation, 
in the extreme northeast corner of the county. 

The most common rocks seen on the surface are different v- riefies 
of chert, which have origii ated from segn gations and intersljalifn ation, 
washed and weathered out of and from between the limestone which, 
resisting decomposing agendts longer than the matrix, lie iu blocks 
on the surlaoe. 
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LOWiiR PUE-CARBONIFEROUS ROCKS AND BLACK HEVdMAN SLATES OF TIIL KNOB 
FORMATIdN, HF B 'LUTT' COl'NTV. 

The descent from the 1a')le lands of the sub favbonirerous limestoiiea 
of Hardin county, over the slopes of the sub-c .rhoniferons fivcstones 
of the Salt river or Muldrow hills, is for the most part abrupt and pre- 
cipitous. 

About seventy feet above the base of these hills, near Key's Ferry, 
the fossiliCerous, burhstone textured chert, and earthy encnnitfil lime- 
stones, are in place on the west side of Salt river. The total height 
of the Salt river hills, on the Bullitt side of this stream, is fiom three 
hundred and fifty to four hundred feet. On this side, the encrinital 
limestone is one hundred and fifty-five feet above the ferry house, and 
two luindred and ten feet above low w iter. 

The summit level, where the road to the Bullitt Lick passes over, is 
nearly four hundred feet above the bed of Salt river, givini;- near two 
hundred feet of strata, soil and sub-soil, covpring the geodiferous en- 
trochital limestones which lie, therefore, nearly midway of these bills. 
The upper two hundred feet includes part; of the sub-carboniferous 
limestone which overlies the Knob sandt>tone iu this locality, but their 
relative thickness is not well seen here. 

The Bl ,ck Devonian slate, doubtle.-s, exists here rn ar the bise of the 
hills, but it was not exposed on the immediate line of obsi rvntion. 

The iron ores which have been made mention of in the thiid chapter 
on chemical geology, are most abundant in the grey or a-h-eolored 
shales overlying the Black Devonian slate, in the soiitlx ast part of the 
range of the Knobs of Bullitt, extending along the waters of Cauo 
Run south-e:istwardly, into Nelson county. 

A section will aid in illustration of its position: 
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Knob Freestone, enclosing locally ore No. 
4d9.« 



Gipy or ash colored shnles, 5(1 to 70 fci't, en- 
closing Kidney and Sheet oies, No3 iii and 
493.t 



Black shelly shale, locally enclosing limestone. 



Black shelly shale, locally enclosing lime 
stone, greyer and more leafy in its structure 
from exposure. 



It is in the 
grey and ash-col- 
ored shales and 
c!ay, lying be- 
tween the black 
>hales and Kuob 
freestones, that 
the ore of Bullitt 
comity is found 
in greatest abun- 
dance, and most- 
ly as carbonate of 
the prot(>xide of 
iron, except 
where it has been 
o.xidized by par- 
tial exposure to 
air and perme- 
ating \\ater. It 
w.ries in thick- 
ness from three to eight inches. 

The two varieties, as recognized by the ore diggers, are the ''Kid- 
ney ore" and the "Blue Sheet ore," because the former generally lies 
above the latter in more detached hemispherical mairses possessing a 
concentric structure; whereas, the latter is more continuous or in the 
form of a pavement, and le.ss oxidized by exposure. But neither of 
these ores are in as high a stak- of oxidation as the more irregular 
nests and baud.s in the overlying freestone, beciiuse the argillaeeous 
ma'aix of the Kidm y and Blue iSheet ores protects them more eflec- 
tually from atm-isplievic influences. 

The greater per centage of iron in a given weight of the ore,t en- 
closed in the freestone, is to be attributed chiefly to the loss of car- 
bonic acid during the progress of oxidation. 

In the south-east part of Bullitt county, these ores of the Knob 
Formation prevail with considerable regu:arit)- ; the principal dilLcul- 

*See Chemical Report. 
tSee Ore No. 439. 
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ty experienced by the ore digger in obtaining it being the abruptness 
of the declivities of the Knobs, which only orcasionally form benches 
by which he is enabled to reach the ore with a reasonable amount of 
stripping. Nevertheless, it can be mined and delivered at the fur- 
naces from $1 50 to $1 7-3 or |2, depending on the distance from the 
furnace, and the amount of stripping, which at present is from five to 
twenty or twenty-five feet. Upon the whole, considering the charac- 
ter and uniformity of the ore; the rate at which it can be mined and 
delivered; the quality of the iron it produces, which is both soft and 
tough, and in great request by the nail maker-; the abundance of well 
timbered land, and the proximity to the line of the Louisville and 
Nashville railroad, this part of Bullitt county must be considered a 
favorable position for making charcoal iron. 

The limestone which is at present mostly used as a flux, is included 
locally in beds iuterstratifi.ed in the Black Shale underlying the ore 
bearing shale, and contains, according to analysis No. 490, a little over 
thirteen per cent, of magnesia, but only about one and half per cent. 
of insoluble earthy silicates, which is much less than its external ap- 
pearance conveys to the eye. It lies quite convenient to the Belle- 
mont Furnace, the only one that was in operation in Bullitt county in 
1856. More or less ore, of the carbonate variety, has been found 
disseminated in grey shales occupying the same geological position, 
within the range of the Knobs of this and adjoining counties, but not 
always in sufficient quantities to support a furnace. 

Both at Bullitt Lick and Button Mould Knob considerable ore 
has weathered out of the shale, but still neither of these localities 
would alone justify the erection of a furnace; so that, before capital 
is expended in machinery and constructions, it is always proper to 
prove thoroughly the ore ground. 

At "Bullitt Mould Knob," a celebrated locality for encrinites, in 
Bullitt county, there are three or more encrinital beds, interstratified 
with the ash-colored shale, which form a remarkable steep glade on the 
south-west side of the Knob ; the glade commencing one hundred and 
twenty-five feet below the summit of the Knob : 

Feet. 

250. Summit of Knob. 

236. Top of second benchof sandstone, in quarry. 

226. Top of ledge of first bench sandstone. 
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Feet. 

21J0. Slope willi sandstone? 

1G2. Lowest exposiii-e of sandstone. 

1 10. Tup of hMie -lade. 

105. Onhis Mii-,hellina bed. 

A^h colored sluile. 
100. OrLliis Miclielliiia bed most abundant. 
A'-h-colortd shale. 
97. Wrailiured out carbonale of iron. 
95. Weallierc'd out carbonate of iion. 

Ash-colored sliale. 
90. Weallu-red out carbonate of iron. 

Ash-colored shales. 
80. Branching' corallines. 
75. Weathered carbonate of iron. 
65. Encrinital limestone. 
60. Weathered caibonale of iron. 

Ash-colored shale. 
49. Encrinital limestone. 

Ash colored sliale. 
35. Encrinital limestone. 

Ash-colored shale at base of bare glade. 
25. Black sheety Devonian shale exlending- to bed of creek. 
Here we have nearly one hundred feet of a.sh-colored shales exposed, 
in a bare glade, uith repeated altcriiations of thin lands of carbonate 
of iron, eiicrinilal, argillaceous, and shell limestones, forming a re- 
marlsabic feattire of the landscape in the northern part of Bullitt 
county, adjoining Jefferson count}'. The position of this Knob is in- 
correctly laid doua in Milne and Bruder's map, since it lies nearly one 
mile to the east of the itiilread leading from Louisville to bhepherds- 
ville. 

The total thickness of the black shales, under the asli-colored shale, 
w>is not seen in any of the sections yet observed in Bullitt county. 
The best section was seen in the cut of the Louisville and Nashville 
road, about a mile frjm Shepherdsville, where forty feet is seen in one 
vertical cut. 

In the bed of Sa'.t river, below the bridge, several ledges of rugged, 
cherty, limestone can be seen, in a low stage of the river, these must 
doubtless be refeired, in [art at least, to the Upper Silurian Period, as 
the chain coral {^Calmipora csharoidi's) is found here, assecia'ed with 
FuvosUes spoiigites, CijuHiophtjUum luLantlioidc^-, and Pii.'T/miij'p/ni? &nA 
other fossils of that Period, very imperfectly preserved however. 
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The coralline aid shell-beds of the fa'ls of the Ohio seem to be very 
thin and obscurely marked, or a^. least diflicult to detect. The only 
place where I was able to recognize th m sadsfactoril)'-, as yit, was 
along the bed of a creek near Mr. Bjujamin Samlers' place, iioi far 
from Button Mould Knob, at a little lower level than the zero of that 
section. Beneath these a cellular mignesian limestone, which weath- 
ers in a very ragged manner, is the preva ling rock in the ravines, on 
both sides of the old road from Shepherdsviile to Louisville. 

JEFFERSON COUNTY. 

The Knob Formation, very similar in its component members to 
that described at Button Mould Knob, extends into the southern part 
of Jelferson county, Omning the range of Knobs on the waters of 
Pond and Mill creek, their summits being c ipped with soft freestone, 
while the ash-colored shales, with intercalations of encrinital limestones, 
form their principal mass, resting on black Devonian shale. 

Jefferson county affords the best exposures of the calcarious rocks, 
under the black slate belonging to the Devonian Period, yet seen. 
The projecting ledges on the bank of the Ohio river, that appear in 
connected succession between the head and foot of the falls, aflbrJ, 
probably, the best sections of these rocks in the western states. 

We observe there the following succession and superposition: 

1. Blaok biiumirious .slate or sliale. 

2. Upper criiioidal, shell, and coralline limeslones above. 

3. Hydraulic; limestone. 

4. L'lwer crinoi.lal, shell, and coralline limestones. 

5. 'OlivKiiites bed. 

6. SpiriCer Gregoria and shell and coralline beds. 

7. Miin beds of coral limestones. 

These beds rest upon a limestone containing cV.ain coral, wl.ich is 
seen just above the lowest s^age of water, at the principal axis of the 
falls, where the waters are most turbulent. Only a portion of the low- 
er part of the black slal.e is seen immediately adjacent to the falls. Its 
junction with the upper crinoidal beil, No. 2, of the above section, c.iu 
be well seen below the mouth of Silver creek, on the Indian i side, 
where th Te is a thin hard pyritiferous land between the black slate 
and limestone, containing a few eutroehites. 

13 
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Three sub-divisions may be observed in the upper coralline bed, No. 
2, of this falls section : 

(/!). White or yellowish white, earthy fractured layers, containing, 
besides Crlnoidea a Fcwosite, a large Leptcena and Alrypa prisca, with 
a fringe. 

(B). Middle liyers containing also a few Cystiphyllse. 

(C). Lower layers, containing most Cystiphyllidse, and on Cora 
Island, remains of fishes. This is what has been designated as the 
Upper Fish Bed. 

These crinoidal beds contain a vast multitude of the remnins of 
different species of encrinites, mostly silicious, or more so than the 
imbedding rock, so that they often project and app( ar like black con- 
cretions. Remains of the Adinocrinus abnormis, of S. S. Lyon's report, 
is the most abundant. There is also a Syringapora; and short trun- 
cated Cyathophyllium. The Cystiphyllum is long, slender and vermi- 
culiform, sometimes extending to the length of fifteen inches or more; 
also, a coralline, referrable either to the genus Poriies or Aslrca* 

The hydiaulic bed, as has been shown in the third chapter, is an 
earthy mignesian limestone, in which the lime and silica are in the 
proportions of their chemical equivalents. It is variable both in its 
composition, thickness, and dip. In the upper part of the bed, where 
it contains many Spirifcr eiiratines and Atri/pa prisca, it is more silici- 
ous than that quarried for cement. At the head of the fills it is eight 
feet above low water. At the foot of the falls it is only four feet above 
low water; and at the quarry, on the Indiana shore, eleven to thir- 
teen feet. Here there is twelve feet of it exposed; but only a foot to 
eighteen inches of it quarried for csment. At the Big Eddy it is 
twelve to thirteen feet above low water; and at the middle of the falls 
as much as thirty-five feet above low water. 

From the head to the foot of the falls, the Ohio river falls nineteen 
to twenty-one feet, depending on the stage of the water, and the dis- 
tance on the general line of dip — west by south — one and a half miles. 
Hence there is an anticlinal axis about the middle of the falls, not 
uniform but undulating, amounting on the whole, to upwards of thirty 
feet in three quarters of a mile west by south. In the distance of 
four hundred and fifty yards from the quarry, on the Indiana shore, 

»-VVhen these fossil CQrals are more thoroughly studied, yre shall be able to give more defi- 
pite references. 
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down stream, the strata decline fifteen to sixteen feet. It is at the an- 
ticlenal, above mentioned, where the steamboats so frequently scrape 
the rocks in gliding over the most turbulent portion of the falls. It 
is thickest at the foot of the lalls, where it is twenty one feet, it thins 
rapidly out in a north-east direction. At a distance of two and a half 
miles nearly east, where it is seen in the north-west end of the Guth- 
rie's qu.irries, it is eighteen inches; and in a distance of three hundred 
yards to the south-east IVom this, it divides into two beds, and thins 
away to a few inches. Where it is divided an earthy limestone is in- 
terposed, not considered to possess hydraulic properties. It would 
seem, therefore, that the principal source of the hydraulic material was 
to the north-west of the main axis. At Hardin's in Clurke county, 
Indiana, cherty masses are interposed, which contain a variety of shells, 
amongst which the Lucina proavia ; and very large Atri/pa prisca are 
the most conspicuous. 

The limestone which lies below the hydraulic limestone, composed, 
in a gre.it measure, of comminuted remains of crinoidea, affords also 
Sp rifi-r cuUrigngntu^; a very large undescrlbed species of Lepfcena, 
which has been referred by some of our geologist, to the Euglijpha; al- 
so, Atrijpaprisca, and remains of fishes. This limestone Is obscure on 
the middle of the falls; to the east it is better defined. On Fourteen 
Mile creek it is eleven feet thick; near the mill, on the east side of 
the Ohio, it is only three feet to three feet eleven inches. At Big 
Eddy the place of this limestone is six feet above the top of the Low- 
er Fish Btd, but it is very obscurely marked at this point. To the 
east, in Jefferson county, Indiana, it passes into a well developed cher- 
ty mass of four or five feet in thickness, and is almost blended with 
the aforementioned cherty interpolations of the overlying beds. 

Under the ciillragussatus beds succeeds the Olivanites bed, which is 
only six inches thick, near the mill on the south side of the Ohio, but 
attains a thickness of six or seven feet on Fourteen Mile creek, and 
runs down to a few inches at some places on the falls. 

The next layer which is recognizable, is a cherty band charged with 
Spirifer gregaria of Dr. Clapp, and many small hemispherical mnsses 
of Faoosiies spovgltes, as at the foot of Little Island: one foot thick. 
Then conies a laytr contnining conicardiwn sub-trigonate, of D'Orb., 
large heruisphei'ical masses of Stm^uiio^ra aad a G^r'uiponl thj-'se ia 
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Next come the Lower Fibli Beds, nineteen feet in thickness, con- 
siriliiigol' liniestune, on'aining a large and bLautiful species of unde- 
scribL'd Turbo; a largo MurJilson a; a Coucainlltun, Sjnri/er gveg. 
crca; s .nic small Ci/alhop' yWdic, and a Lcjilccua. The Cmomrditm 
1 lyer is light gvey, and iiiuregianul.r than the upper part, and esteem- 
ed I he best bed Cur lime un the I'.Jls. The LcpLcEuce lie mostly about 
two feet abuA'e the Conocardhtm. 

ISvxt come chert lasers, underlaid by coral layers, confaining Fa- 
vosites maniiia of Trjo.-t, and FuvosUes hasaltita, Goldluss, v\hieh re- 
pose on a very hard la\'er. 

The most of the I'tiinins of the fishes are found about three feet 
;bove the Turbo bed, but are mure or less disseminated through the 
different la\ers, which have been designated as the Lower Fish Beds, 
and may, therefore, be subdiyided thus: 

1. Sh,;llbeds. 

A. Conocardium bed, seven inches. 

B. Leptaen.-i bud, (also with some conocardium,) six feet. 

2. Parting chert layers, three feet. 

3. Coial layers, seven ieet. 

4. Very hard rock, two feet. 

The principal mass of corals on the falls of the Ohio, which must 
prolably be grouped in the Devonian system, underlie these shell and 
fish beds, just mentioned, and repose upon a bed which can just be 
seen above the water level, ac the princ'p il axis, at extreme low water, 
which contains the chain coral, and which appears to be the highest 
position of this fossil. 

Amongst the main coralline bed of the Devonian Period of the 
Falls m ly be recognized — 

1. Dark grey bed, containing large hemispherical masses of Favos- 
ites maxima of Troost; Zuplivcidis gigavtea; and immense masses of 
Fauos:tes hasalUca, sometimes as white as milk; Favosiles allied to 
polgmorpha, but probably a distinct species, generally silicified and 
standing out prominently from the rock. 

2. Black coralline layers, being almost a complete mass of fossilized 
corals; amongst which, a CystipliylUm, Faoosilcs crowgera of D'Orb., 
and Zuphrvntis g'ganiw, are the most abundant. These bh;ck layers 
contain also large masses of Sijrivgaporu; a large Ti.rho diferent Irem 
thti species iu the liheil beds; ulso the lai-gu Cijatlwjjhyllfuym Faoosiic, 
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.I'lied to jwhjmnrpha, with sfar-fJ/apcd cells oponing laterally on the 
SUV ace ol' the cylimlcr, in pon-'S visible to tlio naked eye; some C//s- 
ti/ih/jllmt! OMi'ved into a si ini-rirc!e; large As/rra prn///ffouiis? nt' Gold- 
i'liss, siiieified, piomiueiit, ruggid, uud b.ack; Ibis is the so called '-iiuf- 
falo Dang." 

The terminaiion of tlie?e coralline beds of the Devonim system 
proliably in ,rk (he place of the connc rdiuni calc.iieous giit ot Ihe 
fdls of Fall creek, Madison county, Indiiiia, and which is, undoubt- 
edly, the eqiivalent of the Schoharie shell grit, near Cherry Valley, 
in New York, which underlies the Onoruhiga limestone of the New 
York system. No vestige of this calcareous grit h:is yet been found 
ou the Falls, but there is nason to believe that it may be found iu 
Jelferson county, about six miles above the P'alls to the north east, on 
the faim of the late Dr. John Crogh m, on the hiad of the Muddy 
Fork of Beargrnss; and if so, though the Devonian and Silurian j re 
ap[iarently, at first view, so blended together on the Falls ol' the Ohio, 
this horizon between the black coralline beds above, and the chain cor- 
alline bed below, marks most; salislactorily the line of division between 
these two systems of rocks in Kentucky. 

Time has not yet permitted a thoroi gh investigation into the spe- 
cific character of the numerous beautilul fossil-shells, coials and fish re- 
mains which occur at this highly intercsiing locality. Ileriaftcr it is 
proposed, if occasion offers, to give mure full and specific details of these 
rooks, and their imbedded organic remains. 

As yet we have no good detailed sections of the Upper Silurian 
beds of Jefferson county, lying between the upper chain coral bed and 
the magnesian buildingstone. In the eastern part of Jefle^rson county, 
on Harrod's creek, a good section was obtained, showing the junction 
of the upper and lower beds with some of superior and inferior stratifica- 
tion. 

The following is the section presented in the cut of Harrod's creek: 

Feet. 

240. Sneider House. 

235. Mngnc^itin limestone bflow hou«e. 

220. RiJ client, wiili Spirifer gregaria, 

Porites, and other l'o.-"ils. 
180. Ti>p of third bench of magnes^ian limestone. 

Sliipe, wiih roclis concealed. 
163> Baijci of Uiii'd btmch or offset of maguesiiui ILmestoae. 
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Feet. 

16 '. Top of second bench of magtiesirtn limestone. 

134. Brise of Sfcond btncli of nfiagnesinn limesLone. 

Slope, will) rocks concealed. 
1 15. Ba^e ot oveilianging ledges of cellular magnesian limestone. 
110. Thin grey and reddisli layers vveathi-riiig and undermining tlie over- 

hangmg magnesian limestone, perhaps hydrdulic in its piopenies. 
107. Base of upper bench under ihe fall. 

Eartliy rock vviih some m ignt^ia, peiliaps widi hydraulic properties. 
100. Earthy louk with less magnebia? 
95. Eaiihy reddish and green layers weatheiing with rounded surfaces like 

hydraulic limestones. 
91. Hard yiey silicious limestone, projecting from the bank. 
90. Soft argillaceuus layer decomjiosing under o\eihanding ledge above, part- 
ly hydraulic, upper two feet most earthy. 
86. Hard layer on top of a little fall in bed of creek. 
84. Ash-colored eat-ily decomposing layer.--; lowest layer with nearly vertical 

fraciuie at right angles to the bedding. 
86. Top of ash colored earthy hydraulic layers. 
80. Top of lowest l.fyer, with vertical cross fracture. 

Junction of Upper and Lower Silurian Foimations. 
79. Liiriestoiie, witli Oit/iin Lynx. 

78. bi'own layer of limestone, with branching Cliseleces. 
7(3. Layer Wkh Cyathophylum? 
07. More mnrly. 

65. Hard thin layers of Lep'Eena limestone,, with branching Chse'ete^. 
69. Hard thin l-iyers ''f limestone, containing Li'plmna allernatce, and Atrypa 

cdjxix, of Con. 
68. Eaid layer, wiih irregular surface, four inches thick. 
62. Hard la}er, six inclus thick. 

60. Concictionaiy maily layer, containing Le/>tiena planumliona. 
41. Irregular light colored layers, with remains of holeius?, Orthjs, &c., five 
inches thick. 
Daik marly regular layer, containing branching Chm'etes, nine inches thick. 
40. Ash-colored ii jcgular layers, conlaming small branching ChcBletes. 
25. Fossilifeious slabs, with 0. Lyvx, and . furmona . 
2'-. Concrelionaiy and marly ash-colured laveis, uilh 0. Lynx. 
0. Slabs, with Atrypa capacx, and ModesUi, at the junction of Harrod's 
creek with its Sneider branch. 

The gvegaria chevt-bed lies on the Falls of Ihe Ohio, about thirty 
feet above the base of the rocks of Devoiiiaa date. Jn this Hi. nod's 
creek section they wtre observed at 2-0 (eet, where the junction of the 
Ut>per Silurian and Lower Silurian occurs at eighty feet; hence, if the 
rocks of Devonian dale have the &aoie thickuesjiiu the. eastern j. art of 
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Jefferson county, as on its northern confines, the Upper Silurian rocks 
have a thickness, on Han'od's creek, of one hmidred and ten feet. It 
is probable, therefore, tlmt the upper chain coral bed, which marks the 
top of the Upper Silurian stra'a, is concealed ten feet up the slope, 
above the upper bench of protruding miigtiesiaii limjstonein the above 
section. 

Ne ir the boundar}' between Jefferson rmd Oldham counties the cel- 
lular beds of the magnesi m limestones of the Upper Silurian Period 
form the surface stratum, which is r, a '.hed in sinking wells and found, on 
account of its spongy chaiacter, very dilHcult to blast. 

OLDHAM COUNTY. 

The cuts in the hollows near Floydsbnrg very nrarly ej^pose the 
junction of the Upper Silurian with the Lower Silurian rocks. 
The succession is as follows : 

Feet. 
95. General level of the country. 
85. Bed of niiignesian limestone. 
75. Bed of butf magnesiiin limestone. 
70. Ferruginous eartli svilji entrocliites. 
68. Asli-oolored ear.liy material. 
65. Tliin-bedded building sione. 
60. Base of bench of buff and reddish rugged inagnesian limestone, resting on 

a bed of buff, soft, cnimblinaf, marrnesiKn ruck. 
60. Bed of compact magne>ian limeslone used for gravestones. 
45. Base of bt-nch of magnesian limestone. 

Argillaceous soft beds, associated with schistose mag-nesian layers, forming 

a slope of twenty-five to thirty feet. 
15. Hard bluish-grey and buff limestone, ■which forms the top of the cliflF at 

the Old Mill, on Garry's fork. 
12. Resting on hydraulic looking earth limestone, of which twelve feet is 

ssen. 
0. Garry's fork of Salt river. 

This bianch of Salt river, where it meanders near the confines of 
Oldham and Jefferson counties, marks the bound try between the rucks 
of the Upper and Lower Silurian Period. In its bed lie strewed nu- 
merous specimens of the Fav/s/ellu sfcUn/a, di^r'wed from an (arthy 
hydraulic looking bed, thtt forms one of the uppermost layeis of rocks 
referrable to the Lower Silurian Period, in this pm't of Kentucky. 
Almost immediately under it is a bed containing 0. Lyrix\ then a 
Uui;;>b-grey bed of ten to twelve iaches, which u the best rock iur 
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masonry on this creek. It reposes on a four to six-inch layer, con- 
taining Chsetetes, under which, in the bed of the creeli, is a bluish-grey 
limestone of eight to ten inches thick, of a sub-crystalline structure. 

There is a layer of the blue limastone formation of this part of Old- 
ham, near Ilawley's aud Ballard's, that admits of a tolerable polish, is 
varieg ited, dark, and reddish grey, and makes a tolerable marble. 

About one mile from Lagrange, on the Sligo road, one of the 
earthy beds of the Upper Silurian system gives origin to a very pecu- 
liar white, ashey looking soil. 

Lagrange is situated just at the junction of the upper and lower 
divisions of the roclis of Siluri.m date. 

Between Lagrange and Ilarrod's creek is an oak country founded 
on the e irthy beds at the ba^e of the Upper Silurian system. De- 
scending the hill at Lagrange you pass over buff and bluish-grey m g- 
nesian limestones, resting on hydraulic limestones and earthy beds, 
charged with Favisidlu, stellufa- 

Between Ballardbville and Lagrange, in the deepest hollows, there 
is about eight i'eet exposed of grey marl}' limestones, containing a 
small nearly globular vnriety of Chcetctcs lijcopcrdim. This is ovtr- 
liid by very rugged weathering lime-stone. The Amhomjchia carina- 
ta is a^.so chavauteristic of the rocks at this locality. 

E st of the hi ad waters of Harrod's creek, the growth is chi( fly 
biac-h, and the surface, of the country less broken than west of this 
stnam, in the oak land to\^ar(ls Lagrange. The ravines l:avc SLldom 
cut down into the Favostel'a bids. 

Near Burrow's tavern the blue limestone shows itself under the mag- 
nesian and earthy stra'a; a'so, at; the Sligo meeting house, near the 
line betwoen Oldham and Trimble counties. 

TRIMBLE COUNTY. 

In the southern part of this connty chert beds, assoc'atcd with a 
reddish (arth, is li'equently expose<l in the hollows all the nay to Bed- 
ford, overlaid by magnenaa limestones, which occup\' the higher 
grounds; and the country between Bedford and Milton i^ verv much 
of the same geological char cter, the blue limestone apptariiig oulv in 
the lower cuts of the str.am. On the p:)ints and slopes where this 
rock appears the land is much more productive and durable tlanon 
the higher grounds, and yields fine crops of tobacco and small giain. 
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The saline water, described in the third chapter, was first struck 
over the earthy hydraulic layers on high ground; the second pool, 
where the water is now collected, is excavated in the upper beds of 
the blue limestone formation. Lower down in the ravine is a fine 
building stone capable of receiving a polish. 

The Epsom Spring, adjoining, issues from a bed (of calcarious?) 
clay, derived no doubt from the disintegration of the earthy beds above 
the blue limestone. 

In the neighborhood of Bedford the rocks contain a large hemis- 
pherical iibrous-structured coral, resembling the Chsetetes,but in concen- 
tric layers like the Stromatopora. 

Descending Scott's hill the varigated banded earthy magnesian 
limestone, occupying the same geological position as the four-foot band- 
ed Madison building stone, of which I have previously spoken under 
the head of Jefferson county, is conspicuous, in step-like projections, 
overlying the blue limestone, the upper layer of which contains a large 
coral like the species just alluded to. This is forty to fifty feet 
down the descent. Under these beds of the blue limestone protrude 
layers containing Atrypa capax, Leptcena planumhona, Streptelasma 
crassa, Orthis suh-quadrata; and about forty to fifty feet still lower the 
Murchisonia marble rock is in place in considerable force. 

The country descends very abruptly, over the beds of the blue 
limestone, to the little Kentucky river — almost too abruptly to admit 
of extensive farming, but the steep hDl sides would, undoubtedly, 
make good vineyards. 

The top of Scott's hill is approximately four hundred and sixty-six 
feet above the Ohio river; of this rather more than four hundred feet 
is all blue limestone. 

CARROLL COUNTY. 

In this county my route led me along the extensive river bottoms, 
of which there are two terraces: one near high water mark, which is 
of a sandy character; the other, twenty to twenty-five feet higher, is 
a soil of fine quality, laid out extensively in orchards, which supply a 
large proportion of the fruit consumed in the towns on the lower Ohio 
river. 

The hills in Carroll county have been only very partially explored 
as yet; enough is known, however, to place upwards of four hundred 

14 
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feet of the blue limestone, extending from the Ohio river to the gen- 
eral surface of the upland. Many of the beds of this formation are 
full of the Orthis Lynx and oecidenialis, which are particularly abun- 
dant at an elevation of about three hundred and fifty feet above high 
water of the Ohio river. 

Two varieties of soil were collected in Carroll county, for chemical 
examination, which are now in process of analysis, viz: one from the 
second bottom, and one from the upland, three hundred feet or there- 
by above high water of the Ohio river. The principal body of level 
upland seen in this county lies between Lick and Eagle creeks. 

Slabs of the blue limestone, near the tollgate, and not far from New 
Libert)', contain Orikis testudinaria, and a Lcptcena allied to the del- 
toidea. 

OWEN, GALLATIN, GRANT, AND BOONE COUNTIES. 

The prevailing rocks which give character to a considerable arta in 
these four counties, are different varieties of the peculiar earthy silici- 
ous mudstone, which I have had occasion to notice elsewhere in this 
report. The different varieties of this rock, in this part of Kentucky, 
will probably average about one hundred feet in thickness, and its ele- 
vation above the Ohio from two hundred to three hundred feet. It is 
usually of a buff color. Fossils can seldom be recognized in these 
beds of the Lower Silurian system of central Kentucky ; those that 
have been observed are casts of Leptcena. Its composition will be 
seen by referring to the chemical report in the first and second parts of 
this volume, where from it wUl be seen to differ most decidedly from 
the composition of the cal carious beds of the same formation; this be- 
ing, in fact, a rock not containing palpable grains of sand, but a large 
per centage of sUex, and small proportion of lime, and a large per 
centage of sulphuric acid. It gives rise to a soil entirely distinct in 
its character from that resulting from the decomposition of the under- 
lying and overlying blue and grey fossiliferous limestones, and stamps 
a marked feature to the whole country, where it exists in any great 
force. Some varieties give origin to sobby beech land ; the better 
quality of soil, based on this formation, supports a growth of hickory, 
oak, poplar, and sugar-tree, and some walnut and hackberry on the hill 
sides, which may be considered the prevalent growth. 



GENERAL REPORT OF GEOLOGICAL PUHVKT. 107 

The waters of this district — even those habitually ia use — appear 
to e:)n!ain, as far as I nm able to jiulgi^, from the qnalltullvc examiua- 
tioMs that I have made of them in the field, more than the normal pro- 
portion of magnesia found in natural spring water, not regarded fs 
mineral, and that, prob ;bly, mostly in the state of chloride; bat this 
is a matter that requires a careful quantitative analysis in the laborato- 
ry, in order to be able to pronounce, with confidence, a-; to proportional 
q'lantity and state of combination; and is a subject which demands 
farther and closer investigation. The beds of limestone which under- 
lie this mudstone, and crop-out occasionally in the lower cuts of the 
hills in these counties, contiin Ze^/cBKa sericea, Orthis testudinarea, 
Alr>/pa eapax and modesta- 

The hills are usually about four hundred feet above the level of the 
Ohio river; the mudstone occupying the higher grounds under the 
arable lauds, which is often considerably broken; but the hillsides are 
more rounded off and less abnip" than where the limestones prevail, 
with a considerable thickness of mavly sbales. 

Four different varieties of soil may be noticed in Boone county: 

1. The beech, sugar-tree, white and blue ash lands. 

2. The buckeye land. 

3. The oak land, which is a superior soil, good for tobacco. 

4. The wet or "sobby" beech land. 

Between the towns of Union and Florence, in Boone county, at an ele- 
vation of two hundred and fifty to three hundred feet above the Ohio 
river, the shell beds of the blue limestone formation are ip place, contain- 
ing abundance of Leptcena alternaia, Orthis L:',nx, and branching form of 
Cficetdes Ii/mperdon. Some of the silicious mudstone is speckled w ith 
dark spots. This character of the rock was observed particularly near 
the head of Arnold's fork of Eagle creek, in Grant county, and on 
the waters of Cedar creek, in Owen county, which appears to be due to 
the presence of manganese. 

Somj of the springs near Dickey's branch of Ced^r, in Owen coun- 
ty, are feebly impregnated with common salt, forming weak brines 
from which, in the early settlement of the country, salt has been made. 

KESTON, CAMPBELL ;\ND PENDLKTON COUJJiIES. 

The rem irks which have been made in the preceding section, in re- 
gard to the geological formation of the counties adjacent to these on 
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the west, apply to a considerable area of Kenton, Campbell and Pen- 
dleton counties, especially in the south and west portions of these 
counties. 

In the north part of Kenton county, where the soils were collected 
for chemical analysis, the growth is chiefly beech mixed with sugar- 
tree, walnut, buckeye, large and small varieties of wild cherry, and 
black locust. About twelve feet below the general level of the arable 
upland the beds of blue limestone are charged with Leptcena alternata, 
Orthis Lynx, Chcetetes lyeoperdon. The soil is best adapted to corn and 
rye. Wheat often freezes out; this could be avoided by underdrain- 
ing and liming, and improving the mechanical texture of the soil by 
a proper system of cultivation. 

The surface is very much broken in Campbell and the northern part 
of Pendleton; the predominating rock, towards the tops of hills, being 
the aforementioned silicious mudstone. About the centre of Pendle- 
ton county the hills are about three hundred and twenty-five feet above 
the Licking. Their base is composed of yellow marly shales and 
rough weathering limestones, containing Orthis testudinaria, Leptcena 
sericea, and plano-convexa, alternating with marly argillaceous shales. 
Above these come in shell-beds, full of broken fragments of Leptcena 
alternata. Owing to the large amount of marly argillaceous shales 
the ravines are very much gullied out, and for the same reason the 
soil is quite marly and argillaceous in its character. Yestiges of the 
silicious mudstone are still seen on some of the hill tops. The soil of 
this part of Pendleton is derived chiefly from the Leptcena and Chce- 
tetes limestone and marly argillaceous shales — the sub-soil being a yel- 
low clay. The growth is black walnut, large white and red oak, black 
ash, black locust, and some wild cherry and shell-bark hickory. Be- 
tween six and seven miles north of Falmouth the soil is derived more 
from the buff silicious mudstone; here the growth is mostly white 
oak and small scrub oak. 

In the northern part of Campbell county the soil of the table laud 
is chiefly derived from the silicious mudstone, resting on a deep yel- 
low subsoil, supporting a growth of white oak, beech, sugar-tree, and 
black-walnut. Under the mudstone are yellow marly shale, with thin 
beds of hard (limestone?) insterstratified, containing branching forms 
of Chcetetes lyeoperdon and Leptcena sericea- The base of the hills 
are composed chiefly of blue marly argillaceous shales, witi bands of 
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limestones containing Orthis tesiudinaria, remains of Encrinites, and 
Ccdymene senaria- These two last mentioned members occupy togeth- 
er about one hundred feet of the base of the hills. 

The southern part of Campbell county is much broken, and the 
geological formation very similar to that above described, the growth 
being white and red oak, shell-bark hickory, some poplar, with locally 
scrub and black-jack oaks ; on the north slopes sugar-tree, black wal- 
nut, hickory, and beech prevail. 

In the south part of Campbell county, about three miles from the 
county line, there is a considerable bed of bog iron ore. Masses of 
from two to four superficial feet are strewed on the surface, in a field 
on Mr. Yelton's farm, and large masses of the same description of ore 
also occur in the northern part of Pendleton county. If the speci- 
mens prove to be rich enough in the per centage of iron, on analysis, 
it is possible that enough might be obtained in this part of Kentucky 
to support a furnace. Near the top of the ridges, north of Falmouth, 
beds of white rounded quartz pebbles, as large as partridge eggs, were 
observed. These seem to be derived from some conglomeritic rock, 
which very likely may occupy the place of the Oneida conglomerate of 
the New York system; but, as yet, the rock itself has not been seen 
satisfactorily in place. If it prove, from future investigations, that 
these pebbles are derived from such a member of the rocks of Lower 
Silurian date in Kentucky, it will, I believe, be the first time that it 
has been observed in the western states. These pebbles can be detected 
occasionally, for a distance of ten miles, near the Cynthiana and Fal- 
mouth road. 

HARRISON AND SCOTT COUNTIES. 

The blue limestone formation of Harrison county seems to be tra- 
versed by veins containing some sulphuret of lead, accompanied with 
sulphate of barytes, as near the Kentucky river, on the southern con- 
fines of Woodford county. The soil of the southwestern part of Har- 
rison county is a dark crumbling soil, based on a mulatto sub-soil 
derived from rough weathering sub-crystalline, close-grained, light-grey 
limestones, containing Leptcena dnminatiensis, under which are lime- 
stones containing fragments of Asaphus {Isotehs) gigas in large quan- 
tities, and Pleurotomaria (Turbo?) hilex, of Conr. This description of 
soil commences four miles north of Cynthiana, and extends to the 
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soui-h-'iM aid vv-'st('r:i limits of Harrison county, at au eltva'ion of 
aho.it oni' hnmlreil f t-X above tlie snuth Ibrk of tlie Liol iiig I'iv. r. 

ViTv little of the HJiicicjus mndotorn^ was oliscrved in r-!anio;i conn- 
ty Thu'd are some weak brines that rise in spriii;;;s a'ong the hi ad 
wafers of Mill creek, at Lee's lick, in the south western [art of the 
county. 

The soil in the neighborhood of Georgetown, in Scjtt county, is de- 
rived from a gr.'y sub-crysta'.line member of the blue limestone fonna- 
tion, weathering reddish-grey, and contdiiing A/n/pa capax and modes- 
ta. The sur'aee of the county is level, and the iiarms in a high state of 
c.iltivation; this character of soil and country extends for about four 
miles n(jrth of Georgetown, when the country becomes mure broken, 
the hills assuming a [lecul'ar rounded contour. 

The growth, three q arters of a mile noi- h of Georgetown, is sugar- 
tree, thick and shell lark h'ckory, biack locust, wild cherry, ami pin 
oak. Little or no poplar. This is on the second bottom of Elkhoi-n 
creek. Four miles north, where the surface becom.'S more broken and 
hilly, the principal timber is beech, white o,d<, snia!l aid large hickory; 
the rocks are more sbal}', and the intervening layers more argillace- 
ous. 

Fourteen miles north of Georgetown the silicious mudstone appear.^, 
and gives more or less character to the c mntry north, even as far as 
the Ohio river, as heretoUire de.^cribed in my n marks on Owen, Grant, 
Gallatin, and Boone counties. 

FRANKLIN COUNTY. 

At Benson creeik the beech timber of the (astern part of Shelby 
county terminates, and a growth of small sugar-tree, white and black 
hickory, black ash, and w Jnut i-ets in, with only veiy lew beech tr^es. 
The undergrowth is dogwood, small black hickoiy, and oik, witli only 
very few pawp.ws except on the rich bottoms. On the summits and 
backbones of the ridges white oak prev lis, while the hillsides have the 
deversified growth just meutioned, with red-bud and honey-locust iu 
addition. 

For special remarks on the soil of the wt stern part of Franklin 
county the reader is referred to the second cha|)ter of the first part of 
this report, containing remarks on the soils of Kentucky. 
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N(ar Bridgeport, on the banks of B. nson, tlure are filtcni tions of 
thick and thin bechled sub-crysiailiue builj ^^n y, and bliiiish-grey lime- 
stone. The thin layers are of iriegnlar IrHctiirc, and iHthe-r conci'c- 
tiorary. One str.itnm, six to seven teet above tht! bed of the ci'eek, 
and twelve to eighteen inches thick, would probably make tolerably 
good dimension stones, requiring, however, f:{)nie liltcen feet of ii:v\[- 
ping, mostly of rock, iu order to reach the bud. 

Lower down Benson, in the neighborhood of the Riffle, near 
Bright's mill, is a:i interesting gaalogioal locality from the occurrence!, 
in the rocks, of very perfect specimens of a sii gular fossil belongifg 
to the tribe of sponges, and referable, probably, to the gtnus S.-yjihiu, 
of Schweigg, at least one of the forms, which is mo^t abundant. This 
fossil conbists of a cup-shaped cential body, having a ring-shaped base, 
by which the animal, prolably, fixtd itself to objects A vnriable 
number, (eight to eleven observed,) of large eylindiieal tubes, radiate 
from the civciimf rei.ce of the body; the fir^t inch of each of ihese 
passes off at right angles or horizontally, fr.nn the periphery; turning 
then at right angles they rise nearly vtrtica.ly upuaids and out-wards. 
The texture seems to be analogous to, but closer than that of the tu- 
bular sponges. These fossils vary from six inches to a loot in diame- 
ter. Not having seen any description or name for this fossil, that of 
Sci/phia dlgitata is now proposed, on account of its general resemblance 
to a grasping hand. 

We propose hereafter to give a figure of this interesting fossil, as 
well as of the other rarer and not less curious form of amorphozoa. 

The geological position of these fossils must be not far above the 
beds furnishing such abundance of Chcetctes lijcopei-don, in the section 
above the Arsenal, and below the Cemetery lot at Frankfort, since the 
same fossils were found near Bright's mill, some distance below where 
the Scyphia occurs. The position of the Chsetetes beds will be seen 
by consulting the section about to be given of the bluff, on the Ken- 
tucky river, near the Arsenal. 

There is another interesting fossil locality in this county, on Mr. 
Crutcher's farm. Fine specimens of a Cytlwlna occur here, in a bed 
of the blue limestone formation, which has been quarried for building 
chimneys. This fossil has been referred to the species C. Baltica, but 
it is, no doubt, a distinct and probably uudescribed species. 
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Two hundred feet are well exposed, with some few hidden spaces, in 
a section on the Kentucky river near the Arsenal at Frankfort, show- 
ing the position of the Kentucky river marble, at the base and the 
Chsetetes beds about the middle. 
Feet. 

205. Top of cliff. 
195. Bed containing a variety of Atrypa capax, of Con; (increbescens, of Hall,); 

A. Modesta. 
186. Base of bench, composed of thin-bedded limestone, most of which are 

concretionary or irregularly stratified. 
175. Leptaena and orthis bed. 
170. Base of upper cliff. 
156. Chsetetes. 
150. Rocks, mostly concealed; a few 

Chsetetes. 
140. Chsetetes. 
130. Chsetetes. 

126. Chcetetes lycoperdon; hemispherical form; large and abundant. 
125. Thin-bedded and irregularly concretionary limestones. 
120. Chsetetes beds; both branching and dish-shaped forms. 
116. Loose specimens of chastetes lycopherdon hemispherical and branching 

forms. 
110. Quarries, in thinly stratified shell-beds, containing Leptsena and other fos- 
sil shells. 
101. Thin-bedded limestone, charged with very perfect specimens of Orthis tes- 
tudinaria. 
Slope rocks concealed. 
100. Hydraulic looking layer, containing Conularia (quadrasulcata?) and Avicu- 

la. 
96. Orthis testudinaria. 

90. Thin-bedded limestone charged with Orthis testudinaria. 
85. Semi-crystalline Orthis limestone: near foundation of the Arsenal. 
80. Thin earthy layers. 

Slope with rocks concealed thirty-one feet. 

59. Coarse textured hard limestone, with cherty concretions. 

66. Coarse textured hard limestone, less cherty, mottled and silicious. 
55. Grey and greenish schistose close textured limestone. . 

64. Top of Kentucky river marble in beds from eight inches to one and a half 
feet. 

60. Top of Kentucky river marble, close-textured and pure. 
48. Greenish close-textured limestone. 

41. Green silico-argillaceous schistose limestone. 

40. Close textured grey marly limestone. 

38. Close textured grey limestone, more schistose, one and a half feet. 
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Feet. 

30. Close textured grey limestone, more schistose, one and a half feet. 

25. Close textured grey limestone, with some cherty segregations. 

20. Kentucky river marble in beds from one foot to eight inches. 

15. Kentucky river marble bedded two to four inches. 

Space with rocks concealed. 

10. Close textured limestone, bedded two to four inches. 

7. Close textured limestone, thin bedded. 

5. Close textured limestone? concealed. 

4. Close textured limestone. 

1 . Close textured limestone, somewhat schistose . 

0. Low water Kentucky river. 

The peculiar smooth-textured, dove colored limestone, with dissemina- 
ted specks and veins of white calcarious spar, which occurs in the base 
of this section, particularly at twenty and fifty-four feet, has been too 
hastily referred to the birds-eye limestone of the New York system. 
It is true that it lies forty feet under the Orthis testudinaria bed, and 
fifty to sixty feet under the Chsetetes lycoperdon bed, at Frankfort; 
and that the rock has what may perhaps be termed a birds-eye structure, 
but the disseminated fossQ, which is converted into calc. spar has, so 
far as I have been able to observe its structure, a much greater 
resemblance to some amorphozoa than to a plant, and the surface 
markings have not the appearance of figures Ic, Id, and le, plate 8, 
of Hall's 1st vol., of his New York Palaeontology; but rather linear 
graphic, or small tubular markings, filled with calc. spar; and some 
well preserved specimens show, in the tubular branches, a structure 
analogous to that of some of the sponges. We shall endeavor, here- 
after, to give some figures of these fossils. 

The beds which occur at one hundred and ten and one hundred and 
fifteen feet in the above section appear to be the same as those seen 
below Bright's mill, on Benson, near the locality of the Scyphia digi- 
tata. 

One of the highest beds seen on this part of Benson is charged with 
Leptcena, the shell having been converted into ochre, while the moulds 
remain, making up almost the entire mass of the rock. Below this, 
on Mr. Bright's farm, is a bed composed principally of white crystal- 
line calcarious spar. If it lies in a sufficiently solid bed it would 
make a marble very like that of Trimble county; it is doubtful, how- 
ever, whether it will be found sufficiently extensive. A good deal of 
the rock above Bright's mill has the external appearance of hydraulic 
i5 
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limestone, specimens of which have been collected for analysis. Some 
white and pale yellow fluor spar, and sulphuret of zinc, occur in the 
rocks of Benson, in the vicinity of Bright's mill, but only in small 
quantities, so far as I have yet seen. 

Occasionally, over circumscribed areas, in this and other counties of 
the limestone regions of the state, small spots of ground may be ob- 
served where the grass is quite yellow and sickly looking; such places 
are known as "sick-spots." Samples of soil have been collected from 
such places, for chemical analysis, in order to ascertain whether a larger 
proportion than usual of protoxide of iron, or other peculiarity, could 
be detected in the soil. My present belief is, however, that analysis 
will not show any material difference between this and the adjoining 
fertile ground; because, I think the effect is, in all probability, due to 
cavernous spaces or fissures in the limestone rock beneath, which 
evolve carbonic acid in sufficient quantity to displace or exclude at- 
mospheric air and oxygen from the interstices of the soil, without 
which vegetation cannot flourish; or it may, in part, be caused by the 
surface-water being drained away into these vacancies. What lends 
probability to this explanation of the phenomena is the occurrence, 
near by, of depressions of the surface, like the sink holes of the bar- 
rens in miniature. 

The reader is referred, for a continuation of the subjects embraced 
in the preceding chapters, to the second part of this report. 

D. D. OWEN, State Geologist. 
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Chemical Labokatort of the Kentucky Geological Sdrvey, ) 
Lexington, Ky., December ^th, 1856. ) 

D. D. Owen, M. D.: 

Dear Sir — In accordance with your instructions I transmit to 
you my second report of the Chemical Analyses of Kentucky Ores, 
Soils, Mineral Waters, &c., &c., made at this Laboratory, for the Geo- 
logical Survey, since the preparation of the first report. 

Within about two hundred and twenty-two days, with the occasion- 
al aid of an assistant in the minor processes under my immediate su- 
pervision, we have succeeded in determining the composition of two 
hundred and six different objects, and thus, although, as you will dis- 
cover, the several analyses have been made more minute and accurate; 
we have increased the amount done, in proportion to the time employ- 
ed, more than one-sixth over that exhibited in the first report. 

The subjects of the analyses reported in the following pages may be 

summed up as follows : 

48 iron ores of the limonite variety. 

22 iron ores of the carbonate variety. 

43 soils, sub-soils, and marls. 

31 limestones. 

30 coals. 

16 mineral waters and salts. 

4 copper and zinc ores and bitumens 

4 iron furnace slags. 

4 sandstones. 

2 pig iron, 

2 shales and slates. 

20§ 
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The greater portion of the large and very interesting cellection of soils 
and sub-soils, made by you during the past summer, amounting to 
nearly one hundred specimens, sent to this Laboratory for examina- 
tion, have not yet been analyzed, but the labor will be resumed as 
soon as possible after the completion of this report. 

In regard to soil analysis, a considerable difference of opinion exists 
in the minds of the agricultural public. When the fact began to be 
appreciated, that certain organic and mineral substances resident in 
the soU were essential to its fertility, because they were necessary ele- 
ments of vegetable and animal tissues, it was natural that the enlight- 
ened agriculturist should look to the chemical analysis of the soil, 
which would give the proportions of these ingredients, as the best in- 
dex of its value and its adaptedness to his various crops; and full ex- 
perience, under the proper conditions, will demonstrate that this ex- 
pectation will not be disappointed. But, when at the demand of the 
farmer, who perhaps knew little or nothing of the true theory of agri- 
culture and nothing of chemical philosophy, cheap and superficial an- 
alyses were made, exhibiting only the proportions of the grosser ma- 
terials of the soil — as of the sand and silica, alumina, oxide of iron, 
carbonates of lime, and magnesia, and even, perhaps, of the organic 
matters, without showing the amount present of the more valuable and 
essential ingredients, as the phosphoric and sulphuric adds, the potash 
and soda — this information, purchased by the practical farmer from the 
scientific man, at however low a price, was found to be dearly bought, 
and of little real value. 

All soils, without exception — the most fertile as well as the most 
sterile — contain large proportions of sand and silica, alumina and oxide 
of iron, and they may contain these as well as notable proportions of 
lime, magnesia, and organic matters, and yet be sterile to the highest 
degree; for, although these, with the exception of alumina and sand, 
enter into vegetable and animal composition, and are essential to their 
structures, they are of no value in the support of plants, without the 
aid of the alkalies and the phosphorus and sulphur contained in the 
phosphoric and sulphuric acids of the soil. These latter ingredients, 
almost universally found in very small relative proportions in soils, 
and much more difficult to estimate in a chemical analysis than the 
preceding, are the elements of the soil, the proportions of which it is 
most necessary to ascertain, in order to get a proper idea of its value 
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auil relationships to the operations of the agriculturist. But these, in 
consequence of the ditlficulty of the processes, a;id the time and cue 
necessary to their estimatiou, have beeu generally neglected in ordinary 
soil analyses. No wonder, therefore, that the practical man, and even 
some chemists, have begun to doubt whether the so called teachings 
of science, in this relation, are of any real service. 

A full analysis of a soil, giving the correct proportions of all its in- 
gredients, and their various states of combination, is a labor of consid- 
erable magnitude, requiring, if the time be devoted to only one soil at 
once, from ten to fifteen days of work, and demanding in the operator 
as much special training as to learn to play well on a difficult musical 
instrument; the farmer, therefore, can never be expected to be able to 
perform this nice and troublesome operation for himself, any more than 
he could be expected to make or repair his own watch or time-piece ; 
but he can, by acquiring the necessary elementary knowledge to ap- 
preciate the results of chemical analyses, derive great practical advan- 
tages from them, and save a great deal of time, labor, and money. 
He could, it is true, with the aid of his experience, and by [the trial of 
experiments in cropping, ascertain the value of a soil almost as well as 
it could be set forth by a good chemical analysis; but, in'commencing 
on an unknown specimen, the chemist could, in one week's labor, ar- 
rive at results, which could be attained by the practical farmer only at 
the expense of years of costly agricultural experiments. 

The system in which you have collected the specimens of soils, for 
analysis will aid greatly in giving a practical demonstration of the 
value of soil analyses. U.sually, instead of collecting a single speci- 
men from each locality, you have procured, for comparative anal//sis, 
specimens of — 1. The Virffin soil; 2. The same soil from an old field 
long in cultivation; 3. The sub-soil; and 4. The deeper suh-soil, or un- 
derhjivg rock stratum. 

By the correct examination of these the fallowing important facts 
can be ascertained: 1. The change which the soil has undergone un- 
der the influence of cropping; and hence the knowledge of what 
would be necessary to restore it to its original condition, and keep it 
fertile. 2. What benefit or injury may result from deep sub-soil 
ploughing or trenching the ground. 3. What influence may be exert? 
ed on it by the underlying rock or other sub-strata- 

16 
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By the critical examination of the comparative analyses of soils; 
&c., &c., already given in this and in the preceding report, it will be 
observed th it chemical analysis is competent, in these respects, to as- 
certain and report faithfully on changing conditions of the soil in ]ela- 
tion to agricultural operations. It will be noticed, in particular, that 
in ever)- inst mce where the comp.irison is made of the proportion of 
the phosphoric aud sulphuric ar.ids, potash, and soda, between the vir- 
gin soil, aud similar soil which has been long in cultivation, a marked 
diminution of these most essential ingredients is to be noticed in the 
old soil. And thus, it is proved, th,.t by careful chemical analybis we 
can note and estimate the gradual but certain approach to sterility, of 
soils once very fertile, under the influence of unscientific and thriftless 
cropping. 

The knowledge of a defect must naturally precede all efforts for its 
removal. The full appreciation of the fact, that in yielding its pro- 
ducts the soil always gives up a certain amount of its most valuable 
elements, which are carried olF in the crops removed, and ^^hich must 
in some way be restored to it, if it is to be maintained in a fertile con- 
dition, is sure to lead, in the end, to an improved system of agricul- 
ture, if the education of the people of our state is made to keep pace 
with the general march of improvement. 

The completion of the analyses of the soils of Kentucky, or even 
of those already collected, ought to exert a beneficial influence on the 
prosperity of the State. The real agricultural value of the land in its 
various districts will be to a certain extent demonstrated, and it will be 
shown more fully, as it is already to some extent exhibited in the anal- 
yses given in this and the preceding report, that a great body of lands 
in the central, eastern, and southern part of the state of Kentucky, 
held now at prices below, or not much above that of government land 
in the far west, may be made as valuable as those, to the farmer; whilst, 
in some localities, they offer superior advantages in the greater proximi- 
ty of fuel in the form of coal or wood. 

These results may, perhaps, help to stimulate our people to endeav- 
or to supply a great necessity of the state, which now operates as an 
immense incubus on its growth and developement, viz: a chain of great 
public improvements through the interior, to afford means of com- 
munication and channels of commerce, which may bring to the doors 
of the laimer or manufacturor, who may engage in the business of de- 
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veloping ils great mineral and agricaltural resources, the markets of 
the world. The want of these iniprovenieiits confines the growth of 
Kentucky, in commerce and the manufactures, mainly to her river 
banks, and restricts her agriculture to its richest regions, to the neg- 
lect of mineral wealth greater than that which h is been the basis of 
the power of England, and a large body of land very susceptible of 
cultivation. On the other hand, the policy of supplying these public 
improvements, in the net-work of railroads intersecting the western 
country, constructed mainly under the patron ige of the general gov- 
ernment, and with the proceeds of large grants of the public lands, has 
aided greatly in inviting to its cultivation the hardy yeonmnr}' of the 
older states, who are tempted to leave their native liunies by the in- 
ducements of rich soil, at a moderate price, accessible markets for their 
products, and a prospect of the rapid growth a. id improvement of the 
country. 

That the reader of this report may be enabled to compare the 
soil of the fat lands of the western prairies with some of those of 
Kentucky, usually considered much less valuable to the agriculturist, 
an analysis of Illinois prairie soil is introduced at the latter end. It 
will be seen that this pi'airie soil, now so rich in organic matters, may 
be considered as the reverse of the heavy red siib-suil of some of the 
southern portions of Kentucky;* in this respect, in particular, inthit, 
from its large proportion of fine sainl and ^ilci, and small relative 
amount of alumitm and oxide of iron, it holds, with a weak affinity, 
those organic matters derived Irorn the remains of the herbage of 
thousands of years; and hence gives abundance of rich food to the 
crops which it supports; until, in the course of time, this dejiosit is di- 
miiiished or exhausted. On the other baud, the large proportion of 
oxide of iron and alumina, of the heavy red sub-soil — which both have 
a powerful athnity for organic matters — holds thrui with great; tenaoity, 
and thus, under the action of water containing carbonic acid, which is 
the natural solvent of the mineral and organic mutters in the soil em- 
ployed in vegetable growth, this red sub-soil gives up but a small quan- 
tity of solid nutritious matter, especially if there is but a trace of lime 
or magnesia present. The prairie soil could be rendered more durable, 
but perhips less Immediatel/j fertile, by admixture with clay, containing 
alumina and oxide of iron, whilst, other things being equal, the heavy 

»See Simpson conoty- 
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red soil would be made more fertile by the addition of fine fand and 
lime. 

The addition of lime to this heavy red soil, which contains a large pro- 
portion of alumina and peroxide of iron, may be beneficial in more than 
one way: it would not only assist in the solution of the other nutritiA'c 
elements locked up in the soil, and tend to render it lighter, but from 
its constant action on the oxygen and nitrogen of the atmosphere, in 
causing them to combine in the form of nitric acid, soluble nitrates are 
always present in soil containing much lime or carbonate of lime, 
which aid in its disintegration, and increase the solubility of its valua- 
ble mineral ingredients, besides furnishing a supply of dissolved nitro- 
gen to vegetable roots. 

On this principle Leibig has explained the fact, that in the island of 
Cuba :i soil containing a very largo proportion of carbonate of lime, 
can annually produce, without the application of nitrogenous manures, 
large crops of tobacco — a plant peculiarly rich in nitrogen. — and for 
the same nason the nitrate of lime, (easily convertible into salt-petre,) 
is continually formed and (llloresoes on the porous limestones of the 
so-cdied salt-petre caves of Kentucky. 

The seventy iron ores which have been analyzed at this Laboratory, 
since the preparation of the last report, h:ive, with very few exceptions, 
proved to be rich and valuable, as well those of the Limovite variet}', 
composed of hydiated oxide of iron in various states of purity, as 
the carlonates of iron; and afford still further illustration of the great 
wealth of Kentucky, in arcs of this most useful and valuable of metals, 
and of the fact that a large amount of capital and labor might find 
room for employment in our state, in the developement of her rich 
mines, and in the supply of the increasing demand for iron in all its 
various forms. The analyses of these ores, and of the limestones. &c., 
which accompany them, will greatl}- assist the manufacturer in the ap- 
portion of his fluxes for the most economicrd production of the metal. 

Amongst these ores are some which doubtless would be found well 
adapted to the manufacture of steel, and in some localities the associa- 
tion of an easily smelted ore with beds of suitable ccal, may induce capi- 
talists to endeavor to supply tho very largo demand for cheap iron for 
railroads and other purposes. 

The thirty kinds of coal which have been examined have been an- 
alyzed with Biore than usual minuteaess and labor. No<j only have 
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all, not previously analyzed, been submitted to proximate analysis, to 
ascertain their proportions of moisture, volatile matter, ashes, and coke, 
but by separate operations their proportion of sulphur and the chemi- 
cal composition of their ashes, have been ascertained; they have also 
been all submitted to idllmute or organic analijsis, to determine their 
relative proportions of carbon, hydrogen, oxygen, and iiitrogev, &c., in 
which analysis, as one of the ingredients — oxygen — is always esti- 
mated by the loss, or negatively, and therefore, the control of the 
equality of the weight of the sum of the elements found, with the 
weight of the original compound which was submitted to analysis, be- 
ing wanting, it was necessary to secure accuracy by a repetition or re- 
petitions of the process; so that the ultimate analysis of these thirty 
coals required no less than seventy-nine operations of organic analysis. 
The whole number of analyses of these thirty coals amounted to one 
hundred and sixty-one. In these various processes several' of the most 
promising of these coals were submitted to destructive distillation, at 
a heat gradually raised to redness, to ascertain their relative products 
of bituminous otls, paraffin, gas, &c. In these trials the Breckinridge 
cannel coal maintained its superiority for this manufacture; but the 
approach of the Haddock's cannel coal, of the Kentucky river, to it 
in this respect, encourages the belief that in the course of your inves- 
tigations nmongst the Kentucky coals, especially among.st the cannel 
coals and bituminous schists, other specimens may be found which 
may be equally valuable for these products with the Breckinridge coal. 

The peculiarity in composition, of the coals which yield the great- 
est amount of oily and waxey matters on distillation, appears to be 
the presence, in them, of a larger proportion of hydrogen to the carbon 
thao exists in the coking coals or soft bituminous coals, which are preferred 
by the blacksmith and for the manufacture of coke and gas; and of a 
smaller amount of oxygen than is contained in the dry coals or splint 
coals. 

It will be seen that the coal fields of Kentucky furnish all these Va- 
rieties. For the purpose of comparison with the coking varieties of 
Kentucky coal, an analysis of the Youghiogheny coal of Pennsyl- 
vania is given at the end of the report; and to enable the enlightened 
reader to compare the Breckinridge coal with the celebrated Scotch 
Bog Head coal, also raucla used fer tJie productiou of ©ils, &c., its or- 
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ganic analysis is stated in connection with that coal, under the head 
of Hancock county. 

The process of organic anuhjsls employed may be briefly def^cribed. 
The powdered coal, previously dried at '^12° P^., was introiluced in- 
to the bard glass combustion tube, in a small tray of platinum, and 
submitted to the action of a stream of pure oxygen gas from a gas- 
holder, dried by passing it through chloride of calcium and dry hy- 
drate of potayh; the combustion tube was heated over charcoal, in a 
commiQ Liebig's furnace; to sjcnr^, complete ombustion of the car- 
bon, the front portion of the tube was filled eithi-r with oxide of cop- 
per, mixed with copper turnings, or with a tight railed cylinder of 
copper gauze which had been previously oxidated ah a red-heat in a 
stream of oxygen. The products of combustion were collected in the 
usual chloride of calcium tube and potash bulbs; a small tube being 
interposed to absorb any sulphurous arid, and a <]i-[i potash tube at- 
tached to the bulbs to absorb all the carbonic acid, and prevent the 
esc pe of moisture in the stn am of dried gas. Thus the proportions 
of carbon and hydrogen were obtained. 

An attempt was made, by collecting the residual gases — mixed 
nitrogen and oxygen — which passed through this train, and by the re- 
moval of the excess of oxygen, by explosion with hydrogen in the 
Endioriicler, to estimat<% by the ^anie opeiation, the proportion of ni- 
trogen; but it was soon found, that with whatever care th(^ oxygen was 
procured, the proportion of nitrogen left alter the exploMon was not 
constant, and on reflection on the known properties of gases, and the 
force with which they pene^trate each other and porous substances gen- 
erally, the r<.a-^on of the failure of this promising process became ob- 
vious. The wiier introduced into the gas-holder to expel the oxvgen, 
contained nitrogen, which gas diffu.sed itself through the atmosphere 
of oxygen in the ga--ho!d. r, and thus, in proportion to the quantity 
of water forced into it, did the oxygen in it contain more and more 
nitrogen, as w is verified by experiments with the Endiometer. Nor was 
it found possible, even with the use of a smaller oxygen gas-holder, and 
of distilled water covered with oil, boiled to expell the gas, wholly to 
prevent this cause of irregularity, so that the proportion of the nitro- 
gen in the coals was necessarily obtained by a sepai'ate process of com- 
bustion, by the method of Will and Varrentrapp. 



INTRODUCTORY LliTTER. 127 

Amongst tbe limestones and sandstones cximined are some quite 
valuable ior building purposes; and otliLi's which will be found useful 
as hydraulic cement, and for agriculture. The magnesian limestone, 
from Grimes' qaari-}', and from other neighboring quarries, on the Ken- 
tucky river, may be considered one of the best and most durable build- 
ing stones of the whole country at large, and some others from the Up- 
per Silurian Formation resemble it somewhat closfily in composition. 
The Birds-eye limestone, ch iracterized by its great brittleness, con- 
taius but little carbonate of magnesia, and would burn into quite a 
pure lime; whilst the very fossiliferous limestones of the Blue Lime- 
stone Formation, (Lower Silurian.) easily disintegrating and containing, 
in addition to lime and 'magnesia, all the other mineral elements neces- 
sary to vegetable nutrition, although they make but poor building 
stones, are invaluable to the agriculture of the country where they ex- 
ist, by the enriching influence, on the superincumbent soil, which they 
exert under the slow solvent action of the natural surface waters, which 
always contain carbonic acid, and which convey into the soil their val- 
uable ingredients. The waters of such regions are hard from this 
cause, but under their influence the soil is, to a certain extent, con- 
stantly renovated. 

The sixteen mineral waters, &c., examined, are, mainly, only from 
one of the Kentucky watering places. The mineral springs of the 
state are numerous and valuable, and will doubtless repay, in the fu- 
ture, the labor of their exploration. 

All of which is respectfully submitted, 

ROB. PETER. 
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ADAIR COUNTY. 

No. 233 — Soil. Labeled '-8011 from Shah/ Geodiferous Limestone, at 
Clayton Miller s farm, four miles south of Columbia, Adair count//, 
KenhicJiij" (Snb-carboniferoiis Sandstone, or Knob Formation.) 
Growth hickory, sugar tree, white oak, dog^Avood, white walnut, and 
elm. 

Color of the dried soil very dark grey. Sifted through a seive, 
of one hundred and sixty-nine apertures to the inch, it left about one- 
fifth of its weight of irregular pebbles of ferruginous sandstone. Care- 
fully washed with water it left about fifty-seven per cent, of sand, of 
which 42.3 per cent, is fine enough to pass through fine bolting cloth, 
of about five thousand apertures to the inch; and 14.7 per cent, is coars- 
er sand, consisting principally of rounded particles of quartz, hyaline, 
and of various shades of yellow, red, and brown, with some few crys- 
talline particles. 

17 
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One thousand grains of this soil, (air-dried,) digested for one month, 
in a closelj stopped bottle, at a temperature not exceeding 120° F., 
in water saturated under pressure with carbonic acid gas, gave up to 
the acidulated water nearly two and a half grains of solid matter, 
which was found to have the following composition, dried at 212° F., 

viz: 

Brains. 

Organic and volatile matters, - ' 1 . 1 50 

Alumina, oxides of iron and manganese, and trace of phosphates, .317 

Lime, - - - - - -447 

Magnesia, - " " - .K 6 

Brown oxide of manganese, ... - .019 

Sulphuric acid, - - - - -068 

Potash, ... - - - - .098 

Soda, - ... - ... .024 

Silica, .... - ... .140 

Carbonic acid, chlorine, and loss, -102 



2.471 

The air-dried soil lost 2.50 per cent, of moisture when dried at 400° 

F. 

Dried at this temperature its composition was found to be as follows, 

viz: 

Organic and volatile matters, - - - 4.440 

Alumina and oxides of iron and manganese, - 4.841 

Carbonate of lime, - - - - -196 

Magnesia, - - - - - - .046 

Phosphoric acid, - .065 

Sulphuric acid, - - .... .232 

Chlorine, ... - .005 

Potash, - - .075 

Soda, - .092 

Sand and insoluble silicates, - - 90.446 



100.438 
As explained in the preceding report, the process of digesting the 
soil for a length of time, in water containing carbonic acid, at a tem- 
perature not exceeding that to which it naturally attains under the in- 
fluence of the sun's heat, is used to ascertain and estimate the propor- 
tion contained in it of soluble nutritious matter, immediately available 
for the support of vegetation. In this manner, endeavoring to imi- 
tate the usual mode by which these necessary ingredients of organic 
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structures are dissolved out of the soil, and conveyed into the tissues 
of growing plants in the great operations of nature. 

Pure tvaier exerts but little solvent action on the carbonates or 
phosphates of lime or magnesia, but when it is combined with carbon- 
ic acid it takes them up in considerable proportions, and especially 
when aided by the humic acids, so called, which result from the de- 
composition of vegetable or animal bodies on the soil, and by the small 
amount of acids of nitrogen which the atmosphere yields under favor- 
able circumstances, it not only brings these and the oxides of iron and 
manganese and silica to a soluble condition, but also acts gradually on 
the insoluble silicates, to release their lime, magnesia, potash, &c., &c., 
for vegetable nourishment. These, then, are the solvents which, by 
their continual action on the soil, and with the aid of frost, slowly dis- 
integrate its hard particles, and gradually dissolve out its available ma- 
teri lis. All rain water, and surface water in general, contain more or 
less carbonic acid, with occasional traces of the acids of nitrogen; and 
the water acquires in the soil the organic acids which are produced 
there by the decomposition of vegetable and animal matters 

Although this soil contains a larger proportion than the average of 
sand and imohible silicates — more than ninety per cent.— and less than 
the usual quantity of phosphoric acid and potash contained in very fertile 
soils — 075 and .065 — it yet contains a pretty large proportion of veg- 
etable nourishment in a soluble condition, so that it gave up more than 
the average quantity of nutritious matter to the carbonated water in 
which it was digested. Without judicious management — by a course 
of constant cropping, without returning to it the essential ingredients 
of vegetable nutrition — this soil will more speedily become deterior- 
ated in productiveness, than others which have less sand and less sol- 
uble matters. 

ANDERSON COUNTY. 

No. 484 — Limestone. Labeled "Eock under White Oak Ridge, Mr. 
RaWs farm, Anderson county, Ky." {Lower Silurian Formation.) 
A grey, granular rock, made up of a confused mass of crystalline 

grains of calcariQus spar. No fossils apparent in the specimeu sent for 

analysis. 
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Composition, dried at 212° F. — 




Carbonate of lime, 


9G.G6 = 54.23 Lime. 


Carlionate of magnesia, not estimated. 


Alumina and o.xidcs of iron and 




manganese, 


1.2C 


Pliosphorio acid, 


.02 


Sulphuric acid, 


.25 


Potasii, . . . - 


.57 


Soda, 


.39 


Silex and silicates, insoluble in 




liydrochloiic acid, 


.G8 



100.92 

The air-driecl rock lost .30 per cent, of moisture at 212°, F. 

No. 485 — Limestone. Labeled '^Lcplcena Limestone," road from Mr. 
Alexander Julian's to Lavrenseburg, Anderson countij, Kentiielnj. 
{Lower Silurian Formation^ 

A very fo.ssiliferous limestone, of a grey and buff-gi-ey color in the 
interior; weathered surfaces of a dirty buff colored. Powder light 
yellowish grey. 
Composilion, dried at 212' F. — 

Caibonate of lime, - - 83.95 = 47.1 1 Xi'me. 

Carbonate of magnesia, - - .01 
Alumina, and o.\ides of ijonand 

manganese, - - - 2.23 

Phosphoric acid, ... .25 

Sulphuric acid, - - • .34 

Potash, - - - - .30 

Soda, .47 

Siltx and insoluble silicates, . 11.28 
Loss, .19 



100.00 

The air-dried rock lost .30 per cent, moisture at 212'^ F. 

No. 4SG — LiWESTOxNE. Labeled ^'-Roadfrom A. Julians to Lawrence- 
hurg, Anderson eounhj, Kcntuclcij.'''' {Lower Sdurian Formation.) 
A bluish-grey limestone, very full of fossils— Pleurotomarij, Beller- 

ophon, Orthocera, portions of Bncrinal stem?, &o. Weathered surfucea 

of a dirty buff color. Powder light grey. 
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2,G53 

48.62 Lime. 



Specific gravity, 


- 


- 


Composition, dried at 212' F. — 






Carbonate of lime, - 


- 


86. '15 


Carbonate of magnesia, - 


. 


1.67 


Alumina, and oxides of iron and 




maganese. 


- 


1.83 


Phosphoric acid. 




.12 


Sulphuric acid, a trace. 






Totash, 




.02 


Soda, 


- 


.11 


Silex and insoluble silicates. 




9.57 



100.27 

The air-dried rock lost .10 per cent, of moisfure at 212° F. 

BALLAED COUNTY. 

No. 218 — SaB-soiL. LaielaV-Sul-snil inlicavilj tlmlcred land, south- 
ern 2J art of Ballard couni)jy {Qiiatcrnarij Formation) 
The dried soil is of a light yellowish grey-brown color. Carefully 
washed with water, one thousand grains of it left about five hundred 
and ninety-two gr.iins of sand of a brownish-grey color, of which only 
about two grains was too coarse to pass through bolting cloth 
of five thousand apertures to the inch. The coarser particles wero 
generally rounded, some few angular, consisting of hyaline and milky 
quartz, with some particles of iron ore. 

One thousand grains of this soil, dried at the ordinary temper.iture, 
and digested in water containing carbonic acid, for one month, yielded 
less than one grain of soluhle matter. This dissolved solid extract was 
found, on analysis, to have the following composition, when dried at 
212° F, viz: 

Grains. 

Organic and volatile matters, 0.200 

Alumina, oxido of iron, and trace of phosphates, ... - -097 

Lime, .064 

Mngnesia, .033 

Brown oxide of manganese, .047 

rotaeb, .060 

Bodn, .023 

Silica, .180 

Sulpburlo acid, carbonic acid, aod Iom, . • - . . 029 

0.733 
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The aii'-dried soil lost 1.80 per cent, of moisture when dried at 
380° F. 

Dried at this temperature, its composition was found to be as fol- 
lows, viz: 

Organic and volatile matters, . . - - - - 2.11 

Oxide of iron, 2.24 

Alumina, - ... . - - 2.68 

Brown oxide of manganese, - - -09 

Carbonate of lime, ■ -^^ 

Magnesia, .------- -- .86 

Phosphoric acid, ...... - - .41 

Sulphuric acid, not estimated. 

Potash, - - -12 

Soda, - -02 

Sand and insoluble silicates, , . - . . - 91.72 



100.30 
The analysis of this sub-soil may be compared with that of corres- 
ponding surface-soil given on pages 2-59 and 379 of the preceding 
report, (No. 1.) It will be seen, that whilst it has pretty neariy the 
same proportions of sand and insoluble silicates, of alumina and oxide 
of iron, it contains more potash, phosphoric acid, lime, and magnesia, 
and less of org mic and volatile matters, than the surface-soil. It also 
contains less soluble matter immediately available for the nourishment 
of vegetables — the surface-soil. No. 1, having yielded 1.53 grains of 
solid extract to water containing carbonic acid, while this sub-soil gave 
only 0.733 of a grain. 

No. 219 — Sub-soil. Labeled ^'Sub-soil from the north'Western part of 

of Ballard county, Ky., from near Col. Gholson s." {Quaternary 

Formation.') 

Color of the dried soil rather darker than that of the last described, 
with more of a reddish tinge. Carefully washed with water one thous- 
and grains of it left about 546i grains of brownish-grey sand, of 
which all but about eight grains would pass through fine bolting cloth. 
The coarser particles, under the microscope, appeared to consist princi- 
pally of rounded fragments of iron ore, mixed with some particles of 
hyaline and milky and red quartzose mineral. 

One thousand grains of this sub-soil, dried at the ordinary temper- 
i%tive, digested lor one otOQtb, iu wftte]; coatainiDg caxboQio acid, as Ite- 
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fore described, gave up 1.293 grains of solid extract, which, dried at 
212° F., was found to have the following composition, viz: 

Orains. 

Organic and volatile matters, ... 0.340 

Alumina and oxide of iron, .... . .047 

Lime, - .300 

Magnesia, - - .... . .090 

Brown oxide of manganese, - - - - .077 

Phosphoric acid, - - - - .011 

Sulphuric acid, - - ... .067 

Potash, . - - .110 

Soda. ... ... .040 

Silica, - ... .190 

Carbonic acid and loss, - .021 



1.293 

The air-dried sub- soil lost 2.14 per cent, of moisture when dried at 

375" F. 

Dried at which temperature it was found, on analysis, to have the 

following composition, viz : 

Organic and volatile matters, ..... . 2.92 

Oxide of iron, .... . . - 3.39 

Alumina, ...... . - 2.26 

Carbonate of lime, a trace. 

Magnesia, - - - - - .47 

Brown oxide of manganese, .36 

Phosphoric acid, ... .18 

Sulphnric acid, not estimated. 

Potash, .... - - .19 

Soda, a trace. 

Sand and insoluble silicates, • - - 90.21 

Loss, - . . .03 



100.00 
On comparing this analysis with that of the surface soil from the 
same locality, No. 2, as given on pages 261 and 379 of the pre- 
ceding report, it will be seen that they present nearly the same differ- 
ences of composition as were noted in the remarks on the preceding 
sub-soil, (No. 218,) viz: that there is less of organic and volatile mat- 
ters, and less of the nutritious substances soluble in carbonated water, 
in the sub-soil, and rather a larger proportion of phosphoric acid, pot- 
ash, and magnesia, than in the surface soil. 
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BARREN COUNTY. 

No. 225 — Soil. Lalelcd "Soil from Mr. Barlow's farm, Barren 
coimiy, Keniuc](}j." {Suh-carhoniferous Limeslonc Formation.) 

Said to be the best producing soil m the county. Color of the 
dried soil warm dark grey. On sifting it some cherty fragments were 
found in it. On carefully washing it with water 45.70 per cent, of 
sand, of a dark brownish grey color, was separated, of which 4.30 per 
cent, was too coarse to pass through bolting cloth. The coarser sand, 
examined with the glass, was found to consist of rounded particles of 
hyaline, milky and red quartz, with some ferruginous mineral. 

One thousand grains of the air- dried soil, digested in water contain- 
ing carbonic acid, as before described, yielded nearly four grains of solid 
c.clrad, dried at 212° F., of which the composition is as follows, viz: 

Grains. 

Organic and volatile matters, - ... . 1.660 

Alumina, oxide of iron, and trace of phosphates, - - .280 

Carbonate of lime, ...... . Mil 

Magnesia, . - - ... . .040 

Brown oxide of manganese, - .019 

Sulphuric acid, . - - - - - - - - - .112 

Potash, .144 

Soda, .... .... . .080 

Silica, . - .200 

Carbonic acid and loss, - -- ... .212 



3.872 

The air-dried soil lost 2.34 per cent, of moisture, when dried at 
365° F.; and was found to have the following composition, when thus 
dried, viz: 

Organic and volatile matters, 5.200 

Alumina, .... . . 3.460 

Oxide of iron, - - . 2.206 

Carbonate of lime, - . ... . .356 

Magnesia, . . ,205 

Brown oxide of manganese, - - - .234 

Phosphoric acid, - ... .159 

Potash, -. ... ... _i97 

Soda, . .... . . .090 

Sand and insoluble silicates, - ... 87.6S6 

Sulphuric acid and loss, . . .197 

100.000 
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The cause of the fertility of this soil is obvious, in the large pro- 
portion of soluble matter which it yields to the water containing car- 
bonic acid, and to the considerable, (although not large,) amount of 
organic and volatile matters, and of phosphoric acid, sulphuric acid, 
potash, lime, and magnesia, which it is found to contain, in proportion 
to the cand and insoluble silicates; the alumina and oxide of iron al- 
so are in such quantities as to give the proper consistence to the soil. 

No. 227 — Sub-soil. Labeled "Sub-soil between Big Sink and Bear 

Wallow, near 3Ir. Burro/r's farm, Barren county, Kentucky.''^ 

{Sub-carboniferous Limestone Formation.) 

Color of the dried soil dull greyish-red, or brick-red. Careful wash- 
ing with water removed from this soil nearly thirty-nine per cent, of 
reddish saud, mostly very fine, of which about seven per cent, was 
coarser sand, containing rounded particles of hyaline and milky quartz, 
and of some ferruginous mineral. 

One thousand grains, dried at the ordinary temperature, and digest- 
ed for a month in water containing carbonic acid, gave up less than a 
grain of solid extract dried at 212° F., of which the composition was 
as follows, viz : 

Organic and volatile matters, - - - - 0.210 

Alumina, oxide of iron, and trace of phosphates, - - .179 

Brown oxide of manganese, - - - .033 

Lime, .... . - .077 

Magnesia, .... ... .040 

Sulphuric acid, - ... .075 

Potash, .023 

Soda, - . - - . - . .044 

Silica, - .139 



0.820 of a gr. 

The air-dried sub-soil lost 3.90 per cent, of moisture at 360° F, 
The composition, thus dried, is as follows, viz: 



18 
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Orjranic and volatile matters, ■ 4.730 

Alumina, - " 10.380 

Oxide of iron, - - - ■ ^'^^^ 

Brown oxide of manganese, - - • ■ ' -^^^ 

Carbonate of lime, - " ■ -^^^ 

522 

Magnesia, - " ' ' 

Phosphoric acid, " ■" ° 

Sulphuric acid, - - - ' -^^^ 

Potash, - -142 

Soda, - - - - - 082 

Sand and insoluble silicates, ... . 77.067 

100.214 
BRECKINRIDGE COUNTY. 

No. 487 — BiTOMEN OR Mineral Pitch. Labeled "Bihimen from Mrs. 

Jackson's spring, one mile east of Tar Springs, Breckinridge county, 

Ecntnckii.'''' 

Resembles the bitumen from Tar Springs in Edmonson county. 
Color dull brownish-black; of the consistence of soft pitch; soft enough 
to be easily moulded in the fingers; containing some involved sand. 

The proximate analysis is as follows, viz : 
Moisture, - 2.40 

Volatile combustible matters, ' ' / 36.50 

Carbon, in the fixed residue, 7.30 

Ashes, sand, &c., 63.80 

100.00 

No. 312 — Shale. Labeled '■'■Shale and Marl under the Archimedes 
Limestone, at R^yan's, four to four and a half miles east of south of 
the Breckinridge coal mine, Breckinridge county, Kentucky.'''' {Sui- 
carboniferous Limestone Formation.) 

A dark olive-grey friable shale, containing fen-uginous concretions. 
Rubbed up in a mortar, and washed with water, it left about seventeen 
per cent, of very fine sand, of which only 0.20 per cent, would not 
pass through the bolting cloth. These coarser particles, examined 
with the aid of the glass, were found to be flattened rounded parti- 
cles of ferruginous sandstone and round particles of hyaline quartz. 

One thousand grains, dried at the ordinary temperature, gave up 
nearly two grains of solid extract, when digested for a month in water 
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contaiaing carbonic acid, of which the composition, dried at 212°, is as 
follows, viz: 

Grains. 

Organic and volatile matters, ... . 0.309 

Alumina, oxides of iron and manganese, and trace of phosphates, - .030 

Carbonate of lime, . . g27 

Magnesia, . . . . . jgo 

Sulphuric acid, - - 287 

Potash, . . . . Qgg 

Soda, . . 061 

Silica, - 210 



1.775 

The air-dried shale lost 6.72 per cent, of moisture at 400° F.; and 
when thus dried has the following composition, viz: 

Organic and volatile matters, . 7.040 

Alumina and oxides of iron and manganese, 12.170 

Carbonate of lime, - - ... 975 

Magnesia, - . . ... 4)3 

Phosphoric acid, . . ... . jOi 

Sulphuric acid, --..-... . 193 

Chlorine, - --.-.. .. ,oo2 

Potash, - ... . . _55g 

Soda, • ■ - . . .190 

Sand and insoluble silicates, . . , - - 78 680 



100.326 
This shale might be usefully applied, as a top dressing, to light and 
sandy soils, but could not be profitably carried to any great distance. 
Exposed to the air, water, and frost it would soon be disintegrated in- 
to a fertile soil. Its large proportion of potash would make it good 
for the tobacco or potato crop. 

BULLITT COUNTY. 

No 488 — Carbonate of Iron. Labeled "■Kidney ore, over the sheet 
ore," Bellemont Furnace, Bullitt county, Ky. {^Sub-carboniferous 
Sandstone Formation.) 
A dull, dark grey, fine granular mineral; not adhering to the 

tongue. Exterior surface and fissures reddish and yellowish -brown. 

The specimen appears to be a portion of a kidney-form mass. Powder 

yellowish-grey. 
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Specific gravity, 


- 


Composition, dried at 212° F. — 




Carbonate of Iron, 


67.69] 


Oxide of iron, 


- 7.77! 


Carbonate of lime, - 


- 6.28 


Carbonate of magnesia, - 


- n.76 


Carbonate of manganese, 


1.32 


Alumina, 


- 1.66 


Phosphoric acid, 


.71 


Sulphur, 


.29 


Potash, . . - 


.75 


Soda, 


.27 


Silica and insoluble silicates, 


- 11.18 


Loss, 


.53 



3.446 



= 32.62 per cent of Iron. 



100.00 



No. 489 — LiMONiTE. Labeled "Iron ore, in the huilJing stone, not used 
id Bellemont Furnace, found seventy fed alove the Uaclc shale. Bid- 
litt countu, Ky.'" {Sub-carbonferons Sandstone Formation.) 
Interior of the ore dull reddish and yellowish-brown, glimmering 
with minute spangles of mica; exterior ochreous; adhering but slight- 
ly to the tongue. Powder of a light brown color. 

2.984 
43.46 per cent, of Iron. 



Specific gravity. 




Composition, dried at 212° F. — 




Oxide of iron. 


62.01 


Alumina, 


.68 


Brown oxide of manganese. 


.78 


Carbonate of lime. 


.18 


Magnesia, 


1.02 


Phosphoric acid. 


.89 


Sulphur, 


.68 


Potash, 


.36 


Soda, ... 


.20 


Silica and insoluble silicates. 


- 21.18 


Combined water. 


- 12.00 


Loss, - . . . 


.12 



100.00 



The air-dried ore lost 2.00 per cent, of moisture at 212° P. 

This ore is richer in iron, and more silicious than the preceding one, 
and would require a larger proportion of limestone, in smelting, than 
that; both contain mther more than is desimble of sulphur and phoe- 
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phoras; the former, however, can be mainly removed by proper roast- 
ing of the ore, and the use of a sufficient amount of limestone; and 
the latter will not seriously injure the iron, in its ordinary applications 
in the form of cast-iron. 

No. 490 — Limestone. Labeled "Limestone used as a flux at Bellemont 
Furnace, {In the Black Devonian Shale Formation") Bullitt county, 
Ky. 

A fine granular limestone, with bands of bluish and yellowish-grey, 
containing diflused pyrites, (sulphuret of iron,) and glistening with 
calcarious spar. Powder white, with a slight greyish tinge. 



Specific gravity, 


- 


- 2.' 


Composition, dried at 212° F. — 






Carbonate of lime, 


- 


63.13 = 35.43 Lime. 


Carbonate of magnesia. 


- 


27,76 = 13.22 Magnesia. 


Alumina, and oxides of iron and 




manganese, 


- 


4.34 


Phosphoiic acid. 


- 


.19 


Sulphuric acid, 


- 


3.77 = 1.51 Sulphur. 


Potash, 




.44 


Soda, ... 




.16 


Silica and insoluble silicates. 




1.63 



101.41 

The air-dried rock Io.st 0.20 per cent, of moisture, at 212° F. 

The apparent excess, in the above summary of the analysis, is 
doubtless due to the oxidation of the sulphur and iron, which were in 
the form of sulphuret of iron in the mineral, and which are estimated 
as oxide of iron and sulphuric acid in the analysis. The presence of 
the sulphur, in notable proportion, in the limestone used as flux, gen- 
erally exerts an injurious influence upon the iron produced. 

No. 491 — Iron Furnace Slag. Labeled "Ptirple Cinder, made ivhen 
the furnace is producing the hest quality of soft grey iron, Bellemont 
Furnace, {Patterson, Moore 4* Co.,) Bullitt county, Ey!'"' 
A glassy slag, appearing almost black in the mass; of a dark grey- 
ish purple, as seen through the thin edges; containing but few air- 
bubbles. Before the blow-pipe it fuses pretty readily, with the forma- 
tion of many minute bubbles. 
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Composition, dried at 212° F — 



Silicie acid, 


64.60 


Containing 


oxygen. 


28.36 


Alumina, . - - . 


16.90 




7.43 




Lime, - - 


11.93 




3.39 




Magnesia, 


8.09 




3.57 




Protoxide of iron, 


3.29 




1.10 




Protoxide of manganese, 


1.08 




.24 




Potash, 


4.25 




.72 




Soda, - - 


1.31 




.33 






100.45 


16.78 ; 


28.35 


The oxygen in the bases is to that 


, in the silicic acid, as 1 : 


1.69 



No. 492 — Iron Furnace Slag. Labeled ^^Olive-green Cinder, produc- 
ed when the Furnace is making good forge iron, and yields more, but 
not so suj't iron, as when purple cinder is made, Bellemont Furnace, 
Bullitt county, Ky." 

An opaque slag, of a dirty olive-green color; full of air bubbles. 
Before the blow-pipe it behaves like the preceding. 
Composition, dried at 212° F. — 

Silicic acid, . - . . 53.36 Containing oxygen, 27.70 

Alumina, .... 17.26 

Lime, - - 9.74 

Magnesia, - - 8.09 

Protoxide of iron, - - 6.35 

Protoxide of manganese, - - .89 

Potash, - - 4.09 

Soda, - 1.02 



Containing 


oxygen. 


" 


8.07 


" 


2.67 


it 


3.24 


tt 


1.41 


ti 


.20 


tt 


.69 


" 


.26 



100.80 16.54 : 27.70 

The oxygen in the bases is to that in the silicic acid, as 1 : 1.67 

In both of these slags there is a considerable amount of oxide of 

iron, which is so much loss; this might probably be prevented by the 

use of a purer limestone for the flux. There is a large proportion of 

magnesia, both in the slags and in the limestone employed. 

No. 493 — Carbonate of Iron. Labeled "Ironstone, from Button- 
mould Knob, Bullitt comity, Ky." {Sub-carboniferous Sandstone For- 
mation. 
A fine-grained, compact, carbonate of iron; interior grey, shading 

into rust-brown on the exterior; powder dull cinnamon color. 
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Specific gravity, 


3.446 


Composition, dried at 212° F. — 




Carbonate of iron, - 
Oxide of iron, 


^^•^'^l = 31.30 per cent, of Iron. 
- 7.71) ^ 


Carbonate of lime. 


- 6.08 


Carbonate of magnesia, - 


13.99 


Carbonate of manganese. 


1.94 


Alumina, 


.55 


Phospboric acid, 


.10 


Sulphuric acid. 


1.37 = .65 per cent, of Sulphur. 


Potash, - 


.69 


Soda, 


.20 


Silica and insoluble silicates. 


11.48 


Water and loss, 


2.26 



100.00 

The air-dried ore lost .50 per cent, of moisture, at 212° F. 

An ore sufficiently rich for profitable smelting, which could be work- 
ed without much additional fluxing materials. 
No. 494 — Limestone. Labeled "Magnesian Limestone, on the road 

from Shepherdsville to Mount Washington, Bullitt county, Kentucky P 

{Lower Silurian Formation.) 

A fine granular rock, of a grey-buff color, rather difficult of frac- 
ture; sparkling in spots, with buff-colored calcarious spar; powder of 
a light grey -buff color. 

Specific gravity, 2.799 
Composition, dried at 212° — 

Carbonate of lime, 63.45 

Carbonate of magnesia, - 29.6* 

Alumina and oxide of iron, - - 3.15 

Sulphuric acid, - .27 

Potash, .20 

Soda, ... - - .21 

Silex and insoluble silicates, - - 2.18 

Loss, .90 



100.00 
The air-dried rock lost 0.20 per cent, of moisture, at 212° P. 

No. 495 — Limestone. Labeled ^-Upper Silurian Limestone, Bullitt 

county, Kentucky, road to Mount Washington." 

A buff-grey, fine granular limestone; not adhering to the tongue. 
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Specific gravity, 2.765 

Composition, dried at 212° F — 

Carbonate of lime, - - - - 60.25 

Carbonate of magnesia, - - 31.05 

Alumina and oxides of iron and manganese, - - - 5.37 

Sulphuric acid, . - - - - - 1.46 
Phosphoric acid, a tr.ace. 

Potash, - .69 

Soda, - - .... .20 

Silica and insoluble silicates, ...... 10.32 

Loss, - ----- .76 



100.00 



The air-di'ied rock lost .20 per cent, of moisture, at 212° F. 

No. 496 — Sandstone. Lohekd ^■Building Stone, Knob at BuUitfs Lick, 
Bullitt county, Kentuclnj^ {Suh-carhonifcrous Formation.) 

A rather soft, fine-grained, bufF-grey sandstone; adhering slightly 

to the tongue; exhibiting, under the lens, minute scales of mica; com- 
posed of fine-grained sand, united by an argillaceous cement. 

Specific gravity, - - ... 2.427 

Composition, dried at 212° F — 

Sand and insoluble silicates, ... . . 93.68 

Alumina and oxides of iron and manganese, - - - - 3.95 

Carbonate of magnesia, - - - - .84 
Carbonate of lime, a trace. 

Potash, - - . . . _gj 

Soda, ... 59 

Sulphuric acid and loss, ..... 73 



100.00 
The air-dried rock lost .30 per cent, of moisture, at 212° F. 

No. 497 — Sandstone. Labeled ''Building Stone, quarry on the top of 
Button-mould Knob, Bullitt county, Kentucky'' {Sid)-carboniferous 
Sandstone Formation. 

A moderately hard, fine-grained sandstone, of grey-buflf color; ad- 
hering slightly to the tongue; composed of fine grained sand, united 
by an argillaceous cement. 
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Specific gravity, ----- 2.415 

Composition, dried at 212° F. — 

Sand and insoluble silicates, -...-. 9-1 78 

Alumina and oxides of iron and manganese, - . - - 2.85 

Carbonate of magnesia, .-.---- 2.29 

Carbonate of lime, ------ - .18 

Potash, .27 

Soda, - ... - . - .14 
Sulphuric acid, a trace. 

100.51 

The air-dried rock lost 0.50 per cent, of inoisture, at 212° F. 

No. 498 — Sandstone. Labeled '^Building Slone, seventy feet above 

the Shale, Bellemont Furnace, Bullitt count//, K//.." (Sub- 

carbon'ferous Sandstone Formation.) 

A dirty buff-colored, fine-grained sandstone; aihering slightly to 

the tongue; resembling the preceding in structure. 

Specific gravity, - - 2.453 

Composiiion. dried at 212° F. — 

Sand and insoluble silicates, ------- 94.75 

Alumiaa, and oxides of iron and manganese, - - . 3 43 

Lime, .16 

Magnesia, ----- .70 

Potash, .96 

Soda, - - - - - - .10 

Sulphuric acid, traces. 

100.15 
The air-dried rock lost 0.30 per cent, of moisture, at 212° P. 
These three specimens of freestone resemble each other very nearly 
in composition and structure. They appear to be of uniform texture, 
sufficiently soft to be easily worked,, and yet not so absorbent of water 
as to b ; very lia ile to sade under the action of frost. The specimens 
examined did not contain pyrites, (sulphuret of iron,) in any notable 
quantity; the presence of which, in a sandstone, causes a constant 
disintegration of the surface, in conseqaence of the gradual oxidation 
of the sulphur and iron, and the efflorescence of the sulphate of iron 
thus produced. 
19 
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No. 499. Labeled ''Black Devomm Slate, cut of the railroad, Buttiti 

county, Kentuchj." 
A dull slate-colored rock, of an imperfect slatey structure; easily 
broken into irregular fragments across the layers; some microscopical 
appearance of pyrites; scarcely adhering to the tongue; powder dark- 
grey. 

Specific gi-avity, - 2.474 

Composition, dried at 212° F. — 

Alumina, aad oxides of iron and manganese, 16.35 

Carbonate of lime, - - - 2.27 

Carbonate of magnesia, ... 3,28 

Phosphoric acid, ... . - .06 

Potash, - - - - 2.49 

Soda, - - - - - - .18 

Bituminous matters, • - - - - 8.80 

Silica and insoluble silicates, - - - 66,27 

Loss, - - - - 1.30 



100.00 
The air- dried rock lost 1. per cent of moisture, at 212° F. 
This shale contains a remarkable proportion of potash, nearly two 
and a half per cent, of the dried rock, which may render it useful, in 
some localities, for the improvement of land which has been exhaust- 
ed of this alkali by the culture of tobacco, potatoes, &c. 

BUTLER COUNTY. 

No. 409 — Carbonate or Iron. Labeled ''Carbonate of Iron in the 
shales of the millstone grit, Woodbury, below the mouth of Barren 
river, Butler county, Ky" 

A compact, dark-grey, or mouse-colored ore; weathered surfaces 
and fissures dark reddish-brown ; some infiltrations of cal carious mat- 
ter in the fissures; powder of a dirty buff color. 

3.026 

39.46 per cent, of Iron. 



Specific gravity. 


- 


Composition, dried at 212° F. — 




Carbonate of iron, 


70.20] 


Oxide of iron. 


9.92] 


Carbonate of lime, 


2.65 


Carbonate of magnesia. 


7.04 


Carbonate of manganese, 


1.60 


Alumina, 


- 1,51 
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Phosphoric acid, 


.64 


Sulphur, a trace. 




Potash, 


.42 


Soda, . - . . 


.01 


Silica and insoluble silicates, 


7.65 



101.54 
The air-dried ore lost 0.40 per cent, of moisture, at 212"' F. 
A good iron ore. 

CARTER OOUNTV. 

No. 473 — LiMONiTE. Labeled ^^Iron Ore, resting on the suh-carbonifcr- 
ous limestone, Carter county, Ky^^ 
A dark brown limonite, irregularly cellular; small portions ochreous; 
powder dirty yellowish-brown. 



Composition, dried at 212° F. — 






Oxide of iron. 


- 78.42 = 


64.93 per cent, of Iron. 


Alumina, 


1.48 




Brown oxide of manganese, 


- 3.17 




Magnesia, 


.30 




Lime, -& trace. 






Phosphoric acid. 


.73 




Potash, 


.21 




Soda, 


.18 




Combined water. 


- 11.94 




Silica and insoluble silicates. 


- 3.77 





100.20 

The air-dried ore lost 1.20 per cent, of moisture, at 212°. 

A good iron ore ; as rich as it is profitable to smelt in the high fur- 
nace; containing more than the usual proportion of oxide of manga- 
nese. 

CHRISTIAN COUNTY. 

No. 216 — Sub-soil. Labeled ^^ Sub-soil from the southern part of 
Christian county, betiveen Dr. Quarks'' and Oak Grove, Ky." 
Color of the dried soil light-brownish, with a tinge of dirty orange. 
Carefully washed with water one thousand grains of this sand left two 
hundred and ninety-three grains of fine sand, of which only six grains 
was as coarse as ordinary )3at-£and; which was composed generally of 
am,9,U rounded j»artiqle.s qr^uaitz, with 3. ^few,l9irgQj:,r^^ and p,r. 
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gular fragments of hyaline and milky quartz, and of a red sUicious 
miiieial like carnelian. 

One thousand grains of the air-dried soil, digested for one month, 
in a close bottle, in Avater charged with carbonic acid, under pressure, 
gave up nearly a grain of solid extract, which, dried at 2i2°, had the 
following composition, viz: 

Orain. 

Organic and volatile matters, ....... 0.044 

Alumina and oxide of iron. - - .097 

Oxide of manganese, - J57 

Lime, .134 

Magnesia, ...•-.-...- .033 

riiO'phoric acid, ......... .Oil 

Sulphuric acid, .......... .020 

Poiash, .131 

Soda, .015 

Silica, . - .264 

Carbonic acid, and loss, ........ .C64 

0.9C0 
The air-dried soil lost 2.24 per cent, of moisture, at 300° F.; and 
thus dried was found to have the following composition, viz: 

OrgHnic and volatile matters, ....... 296 

Oxide of iron, .......... 2 36 

Alumina, 2. .'^9 

Phosphoric acid, -.-...... .27 

Sulphuric acid, not estimated. 

Carbonate of lime, -. .13 

Carbonate of magnesia, •-..-... .79 

Brown oxide of manganese, ....... 27 

Potash, jg 

Snda, -•---.-.... .04 

Sand and insoluble silicates, 90.26 

Loss, 34 

100.00 

The analysis of the surface-soil, (No. 20,) from this locality was 
given in the preceding report, on f ages 272-3, and 379; on reference 
to which ifc will be seen, that while the alumina and oxide of iron do 
not differ much in the soil and sub-soil, there is more organic matter 
in the soil, and a larger proportion of eand and silica in the sub-soil, 
Vfhich also exhibita a somewhat larger amouub 6f phosphoric acid and 
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potash. The quantity of soluble matter, extracted by digestion in 
water containing carbonic acid, was four times greater from the soil 
than from the sub-soil. 

No. 462 — Coal. Labeled "WoolricKs coal, the most soutTierltj coal in 
Christian county, Ky.'''' 

A very pure looking glossy, pitch-black coal; not very hard; with 
no appearance of pyrites or other impurities; breaks in thin layers; 
having but little fibrous coal between the layers; heated over the spirit- 
lamp, it does not decrepitate; swells up a good deal, and the frag- 
ments agglutinate into a shining, inflated coke. It appears to be a 
good coking coal. 

Specific gravity, 1.280 

Proximate analysis. 

Moisture, - • - - 4 60/ 

Volatile combu.stible matters, - 34.90) 

Carbon in the coke, - - 68.36) nr . , i j t «>o cr. 

.,,,,,,, J- Moderately dense coke, -.60.50 

Ashes, (dull red,) - - - 2.14) 



\ Total Tolatile matters, - 39.60 
)) 



100,00 100.00 

The per centage of sulphur was found to be 1.37. 

The dull red ashes are composed of about three-fourths alumina and 
oxide of iron, to about one-third of silica, with traces of lime and mag- 
nesia. 

Ultimate analysis of this coal gave the following results, dried at 
212°, viz: 

Carbon, 76 636 

Hj'drogen, 4.633 

Sulphur. 1.440 

Ashes, 2.200 

Oxygen, nitrogen, and loss, - - • ' - - - 16.191 

100.000 
This Ooal was not examined as to its yield of oils and gas by de- 
structive distillation, at a low red heat; but its moderate propor- 
tion of hjjdngen to ita carbon is unfavorable to the formation of oily 
producta 
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eLAEEE COUNTY. 

No. 500 — Soil. Sent hy Dr. 8. D. Martin, labeled '■'■Soil from a gar- 
den planted in peadi-trees, about three years ago; about afoot of the 
surface-soil well mixed; this ground has been cleared about sixty or 
seventy years; used as a meadow, and hay cut off of it for many 
years; then eighteen consecutive crops of hemp were raised on it; in 
1836 it toas sown in grass and sin all crops of hay cut off; hid finally 
it was taken by the blue grass, and has been used as pasture until 
three years ago, when it was broken up again and planted with young 
•peach trees, and cultivated ever since as a uegelablc garden,'' Clarke 
county, Ky. 

Color of the dried soil, dark brownish-grey. Carefully washed with 
water it left nearly 53. per cent. <jf very fine sand, containing nearly 
7. per cent, of coarser sand, which would not pass through fine bolting 
cloth; which, examined with the lens, appeared to be, principally, 
small rounded particles of iron ore, wich some milky hyaline, and red 
and yellow quartz particles, mostly rounded hut some angular. 

One thousand grains of the air-diied soil, digested for one mouth in 
water containing carbonic acid, as above described, gave up more than 
two grains of light brown solid extract, dried at 212°; the composition 
of which is as follows, viz : 

Organic and volatile matters, - - 0.420 

Alumina and oxide of iron and phosphates, - - - - .107 

Brown oxide of manganese, - - - - - . J37 

Lime, .509 

Magnesia, - ..... js,'^ 

Sulphuric acid, - - .... Q30 

Potash, - - . . .100 

Soda, .... .011 

Silica, - - - .178 

Carbonic acid and loss, .418 



2.093 
The air-dried soil lost 4.16 per cent, of molsliiri\ at 380° F; and, 
when thus dried was found to have the following composition, viz: 
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Organic and volatile matters, - - 6.10 

Oxide of iron, - - - 4.92 

Alumina, - 3.94 

Phosphoric acid, - - -48 

Carbonate of lime, - - -47 

Magnesia, - .... .62 

Brown oxide of manganese, .40 

Potash, ... . - .32 

Soda, - - .08 

Sand and insoluble silicates, - - 82.66 

Sulphuric acid not estimated, and loss, ... .02 

100.00 
Although this soil has been so long in cultivation, it is yet very rich 
in all the essential elements of vegetable food. It is not stated, on 
the label accompanying it, whether or not the ground had been ma- 
nured; from the large proportion of potash and phosphoric acid 
contained, it is probable that it has been enriched by manure since it 
has been cultivated as a garden. 

No. 501 — SoB-soiL. From Dr. S. D. M.\rtin, Clarke County, Ky. 

Labeled "iSub-soil, eighteen inches below the surface, from the same 

place as the preceding.^' 

Color of the dried sub-soil lighter and more yellowish than that of 
the soil. 

Washed with water it yielded nearly 49. per cent, of fine brownish 
sand, which contained about 7.5 per cent, of coarser sand, composed 
of rounded particles of a dark color, principally iron ore, but contain- 
ing some quartzy particles, like the preceding. 

One thousand grains of the air-dried sub-soil, digested in the car- 
bonated water, yielded less than a grain and a half of solid extract, of 
a light grey color, containing the following ingredients, viz : 

Chains. 

Organic and volatile matters, - - - - 0.080 

Alumina and oxides of iron and manganese, - - .096 

Lime, - - - ... .428 

Magnesia, - .... .035 

Phosphoric acid, - - - .030 

Potash, - -059 

Soda, - .034 

Silica, - .267 

Carbonic acid, sulphuric acid, and loss, .342 

1.370 
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One thousand grains of the air-dried sub-soil lost 2.96 per cent, of 
moisture, when dried at 370° F. 

Its composition, when thus dried, is as follows, viz: 

Organic and volatile raatiers, - ..... 4.01 

Oxide of iron, ... ...... 7,C6 

Alumina, -- ....... 7.71 

Phosphoric acid, ,...-.. .38 

Carbonate of lime, - .... .99 

Magnesia, - ..... ... 1.04 

Brown oxide of manganese, ..... .29 

Potash, ... ....... .36 

Soda, ... .03 

Sand and insoluble sil'cates, .... . . 78.03 

Sulphuric acid not estimated, and loss, ..... .10 

100.00 
Whilst the sub-soil contains less organic matter than the soil above 
it, and has a smaller proportion of fine sand, the alumina, oxide of 
iron, lime, and magnesia are found in it in larger proportions. 

CLAY COUNTY. 

No. 460 — Coal. Labeled "Col. Garrard's coal, Goose Creek Salt Works, 

Clay county, Ky^'' 
A pitch-black, shining, and apparently very pure coal, having some 
fibrous coal between the layers, but showing no pyrites or other im- 
purities. 

Heated over the spirit-lamp it did not decrepitate, but swells up 
and agglutinates into a very light cellular coke burning with a very 
smokey reddish-yellow flame. It appears to be a good coking coal. 

Specific gravity, 1.259 

Proximate Analysis. 

Moisture, .... 2.70) mi,., 

-17- 1 .1 u .-ui *. c.csrk Total volatile matters, 37.60 

Volatile combustible matters, - 34.90) 

Carbon in the coke, - - 61.10) „, ,. , , ,. . 

A 1 /J- . u ^r^ , „,>f Coke, light and sliininff, . 62.40 

Ashes, (dirty buff,) - - 1.30) ° ° 



100.00 100.00 
Composition of the ashes — 

Silica, O.-IO 

Alumina and oxide of iron, ---.... .59 

Lime, - ,06 

Magnesia, .07 

1.30 
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Submitted to ultimate analysis, this coal was found to consist of the 
following ingredients, dried at 212°: 

Carbon, - - - . - 80.619 

Hydrogen, - - - 6.444 

Sulphur, .... . . ... .675 

Nitrogen, - - . 1.467 

Oxygen and loss, - . 10.305 

Ashes, .... . 1.600 



100.000 
A remarkably pure coal, which would no doubt yield abundance of 
good gas, and is very fine for coking, containing but a small per cent- 
age of ashes. 

CLINTON COUNTY. 

No. 222 — Soil. Lnheled "Soil, Mr. Andrews', Caney Gap, Clinton 
county, Ky.; large timber — red oak, white oak, chestnut, hickory, leech, 
and "poplar. Red Ferruginous Suh-soiV {Siib-carhoniferous Lime- 
stone Formation.) 

Color of the dried soil of a warm grey. 

Washed with water it gave more than 51. per cent, of fine sand, 
of a dirty baff color, containing about 12. per cent, of coarser sand, 
like common bar sand. 

One thousand grains of the air-dried soil, digested in the carbonated 
water, gave up less than a grain and a half of solid extract of a brown- 
ish color, dried at 212°, which contained — 

Grains. 

Organic and volatile matters, ... 0.830 

Alumina, oxide of iron, and trace of phosphates, - - - .168 

Lime, - - - - - - .073 

Magnesia, - - .016 

Potash, - - - .042 

Soda, - - .038 

Silica, - -070 

Carbonic acid, sulphuric acid, and loss, - - .244 

1.481 

The air-dried soil lost 1.96 per cent, of moisture at 400° F.; dried 
at which temperature its composition was as follows : 
20 
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Organic and volatile matters, 3.970 

Alumina, ^•''"^^ 

Oxide of iron, - ^-^^^ 

Brown oxide of manganese, •"'" 

Carbonate of lime, ' '" 

1 SI 
Magnesia, 

Phosphoric acid, - -^^^ 

Potash, - -O^^ 

Soda, - - - '099 

Sand and insoluble silicates, - - 90.720 

Sulphuric acid, (not estimated,) and loss, - -621 

100.000 

No. 412 — LiMONiTE. Labeled "Iron Ore, ridge hetiveen Wolf river and 
Spring creek, five miles west of Alhany, Clinton county, Ky^ 
A dense, dark colored limonite ; structure compact and compact 
fibrous; layers incrusted with yellow ochreous ore; powder dark yel- 
lowish-brown. 



Specific gravity. 


3.603 


Composition, dried at 212° F. — 




Oxide of iron. 


74.30 = 62.03 per cent, of Iron. 


Alumina, 


1.48 


Brown oxide of manganese. 


1.68 


Phosphoric acid. 


.18 


Sulphur, a trace. 




Magnesia, 


.35 


Alkalies, not estimated. 




Silica and insoluble silicates, 


9.95 


Combined water. 


12.24 



100.18 

The air-dried ore lost 1.20 per cent, of moisture at 212°, F. 
A very good iron ore. 

CBITTENDEN COUNTY. 

No. 25 — i^See former report) — Coal. From Sneed^s mines, on Trade- 
water river, Crittenden county, Ky. 
This coal, of which the proximate analysis is given on pages 275 
and 276 of the former report, has recently been, submitted to ultimate 
^.nalysis, with the following results, viz : 
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Composition, dried at 212° F. — 

Carbon, - ... 78.500 

Hydrogen, - - - 6.333 

Sulphur, - - - - - 1.040 

Ashes, - - ... 3.800 

Nitrogen, - - - . . . 1.344 

Oxygen and loss, . » . ... 9.983 



100.000 



CUMBERLAND COUNTY. 

No. 232 — Soil. Labeled "Soil, bottom land, between the forks of 
Sulphur creek, Jacob Specrs'' land, Cumberland county, Kyi''' {Sub- 
carboniferous sandstone, or Knob Formation, immediately above, over- 
lying the Devonian Black Slate.) 

Color of the dried soil very dark grey, nearly slate colored ; it con- 
tained some fragments of ferruginous sandstone, some of which were 
rounded at the angles. On careful washing with water, this soil left a 
considerable proportion of fine sand, and about 10. per cent, of coars- 
er sand, which would not pass through fine bolting cloth, which consist- 
ed of rounded p irticles of quartz and ferruginous sandstone. 

One thousand grains, digested in carbonated water, as previously 
described, gave up more than five grains of solid extract, of the fol- 
lowing composition, viz: 

Grains. 

Organic and volatile matters, - 1.530 

Alumina, oxides of iron and manganese, and trace of phosphates, 1 .ii33 

Carbonate of lime, - - 1,538 

Carbonate of magnesia, - - .303 

Sulphuric acid, .065 

Potash, .22S 

Soda, ... - .045 

Silica, - - - .080 



6.122 



The air-dried soil lost 2.40 per cent, of moisture at 375° F.; and 
and was found to contain the following ingredients, viz: 
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Organic and volatile matters, - - - ■ " 5.770 

Alumina, - - - - " " ^-^^^ 

Oxide of iron, - - - .... - 3.140 

Carbonate of lime, - - " ■^^° 

Magnesia, - - " " •'*^° 

Brown oxide of manganese, - - - - -O"^" 

Phosphoric acid, " " •'^' 

Sulpburic acid, - .... .734 

Chlorine, - - - - " -006 

Potash, - - -220 

Soda, - - - -029 

Sand and insoluble silicates, - - 87.110 

Loss, - - -784 

100.000 

This soil is remarkable in the large proportion of soluble matter 
which it yields to water containing carbonic acid. It is of more than 
the average fertility. 

DAVIESS COUNTY. 

No. 230 — Soil. Labeled "Soil, Daviess county, Ky.; large growth 

of tobacco; native growth white oak, poplar, hickory, ^"c; on the 

Owensboro' and Henderson road, \i miles from Green river.'''' {Coal 

measures, but the soil mostly from the overlying quaternary.) 

Color of the dried soil, brownish-grey. By carefully washing it 

with water this soil left about 74. per cent, of fine sand, of a dirty 

buff color, of which 24. per cent, was as coarse as bar sand, composed 

of rounded quartz grains, clear, yellow, and reddish. 

One thousand grains of the air-dried soil gave up, when digested in 
carbonated water for a month, about three and a half grains of brown 
solid extract, dried at 2 1 2°, which has the following composition, viz : 

OrainB. 

Organic and volatile matters, - - - - 2.100 

Alumina, oxide of iron and phosphates, - .480 

Lime, with some oxide of manganese, ..... .616 

Magnesia, .-....-.-.. .056 

Sulphuric acid, -- .041 

Potash, - -, . .067 

Soda, - - - . . - .068 

Silica, .... .... .184 

3.692 
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The air-dried soil lost only 1.62 per cent, of moisture at 305" F.; 
and dried at this temperature gave, by analysis, the following ingredi- 
ents, viz: 

Organic and volatile matters, .... . 3.350 

Alumina, ..... . 2.026 

Oxide of iron, - .... . 2.146 

Brown oxide of manganese, ... . \^q 

Carbonate of lime, - - - .176 

Magnesia, .... . _258 

Phosplioric acid, ..... . .088 

Sulphuric acid, not estimated. 

Potash, .... .... .096 

Soda, - - - ... - .053 

Silica, - - 91.920 



100.239 
This soil, which eontains so large a proportion of silicious matter, and 
but a moderate quantity of organic matters, potash and phosphoric add, 
supported a very luxuriant growth of tobacco, probably because so 
much of its nutritious ingredients are in the soluble condition; as is 
proved by the large relative proportion of solid extract given by it on 
digestion in the water containing carbonic acid. This circumstance, 
however, while it increases its present fertility, wUl hasten the process 
of exhaustion, under the drain of large herbaceous crops carried off the 
ground, without any return being made to it in the form of manures. 
The rapidity with which the tobacco plant robs the soil of its rich- 
ness is explained by the fact, that about one-fourth of the weight of 
the dried plant is composed of the mineral matters essential to vege- 
table growth, especially potash, lime, magnesia, soda, sulphuric acid, 
phosphoric acid, &c., as may be seen by reference to table 8, at the end 
of this report. 

No. 189 — Coal. Labeled "Wolf Hill coal, Daviess comity, -Sy." 
A remarkably pure looking coal; deep black and glossy; with some 
fibrous coal between the layers, but no appearance of pyrites or other 
impurities, except some incrustation of sulphate of lime in the joints. 
Heated over the spirit lamp it swelled up somewhat, but did not agglu- 
tinate. Specific gravity 1.275. 

This coal, the proximate analysis of which was given by Dr. Owen 
in his first report, page 44, was submitted to ultimate organic analysis, 



77.891 


6.422 


.300 


1.821 


12.666 


2.000 
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and an examination for its proportion of sulphur; the summary of the 

analysis is as follows: 

Carbon, - - 

Hydrogen, - - . . . . - 

Sulphur, - - - - - 

Nitrogen, .-- .-...-. 

Oxygen and loss, - - ..... 

Ashes, buff grey, .....---- 

100.000 
This coal has not yet been tried as to its relative yield of illumi- 
nating gas, or bituminous oils and paraffine, but its ultimate composi- 
tion is unfavorable to the production of rich gas, or much oily matter. 
Coals having less oxygen and nitrogen in their composition are better 
for illuminating gas; and a larger proportion of hydrogen than that 
exhibited in this coal is found in those kinds which yield much oil on 
distillation. 

No. 502 — Coal. Laheled^^Twenty-four inch coal, on the Tripleit place, 
four miles south-east of Oivenshoro\ Daviess county, Ky.^^ 
A glossy, pitch-black coal, pretty firm, and seemingly pretty free 
from pyrites; a little sulphate of lime in the joints; not much fibrous 
coal between the layers. Over the spirit-lamp it softens, swells up, and 
agglutinates; burns with a smoky flame, and leaves a bright cellular 
coke. Probably a coking coal. 

Specific gravity, - - . 1.328 

Proximate Analysis. 

Moisture, - 6.70) „ . -i -i •, 

„,,.,,.,, [ Total volatile matters, - 42.70 

Volatile combustible matters, 36.00) 

Carbon in the coke, - 61.30) ,,, , ,,•,.,, i .--.,« 

, , , , ' „ y Moderately light coke, 67.30 

Ashes, (purple-grey,) - 6.00J ■" ^ 

100.00 100.00 

The composition of the ashes is as follows : 

Silica, - - - . - . 2.00 

Alumina and oxide of iron, - - - . 3.I8 

Lime, ... . ... .27 

Magnesia, - .26 

Loss, ----- i .... . .30 

6.00 
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Ultimate Analysis, (dried at 212°.) 

Carbon, .... . 71.019 

Hydrogen, - - 6.022 

Sulphur, - - - - - 2.090 

Oxygen, nitrogen, and loss, . - 15.069 

Ashes, - . . 6.800 



100.000 



EDMONSON COUNTY. 

No. 414 — LiMONiTE. Labeled '•'■Iron Ore, from the Nolin Ore Bank, 
Edmonson county, Ky." 
Composed of hard, dark brown, layers enclosing softer, yellow, and 
brownish-yellow ore. Powder of a yellow color. 
Composition, dried at 212° F. — 

42.64 per cent, of Iron. 



Oxide of iron, 


60.90 


Alumina, 


.65 


Brown oxide of manganese, 


.76 


Lime, a trace. 




Magnesia, 


- 1.15 


Phosphoric acid, 


.67 


Potash, 


.36 


Soda, 


.32 


Silica and insoluble silicates. 


- 23.68 


Combined water. 


11.15 


Loss, 


.47 



100.00 

The air-dried ore lost 1.50 per cent, of moisture at 212° F. 
A very good silicious limonite. 

No. 415 — Limonite. Labeled "Iron Ore, in the shales above the coal, 
Nolin Iron Works, Edmonson county, Ky^ 
A dense, dark brown ore, of an irregular cellular structure ; powder 
light yellowish-brown. 
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52.31 per cent, of Iron. 



•.position, dried at 212" F. — 




Oxide of iron. 


- 74.70 


Alumina, 


.45 


Brown oxide of manganese, 


.35 


Phosphoric acid, 


.65 


Magnesia, 


.16 


Lime, a trace. 




Silica and insoluble silicates. 


12.65 


Alkalies, not estimated. 




Combined water. 


- 11.19 



100.04 

The air-dried ore lost 0.80 per cent, of moisture at 212° F. 
Very nearly resembling the preceding, but containing a larger per 
centage of oxide of iron, and less silica. 

No. 416 — Carbonate of Iron. Labeled "Carbonate of Iron, in the 
shale above the sandstone, Nolin Iron Works, Edmonson county, 
Kentucky y 

A dense, very fine-grained, dark grey ore; weathered surfaces red- 
dish-brown ; powder of a grey color. 

3.507 



Specific gravity, 


- 


- 


Composition, dried at 212° F. — 






Carbonate of iron. 
Oxide of iron, 


66.13) 

7.98) '' 


= 37.04 per c 


Carbonate of lime. 


1.95 




Carbonate of magnesia. 


8.45 




Carbonate of manganese, 


1.83 




Alumina, 


.95 




Phosphoric acid, 


.36 




Sulphuric acid, 


.67 = 


.10 Sulphur. 


Potash, - 


.57 




Soda, 


.05 




Silex and insoluble silicates. 


9.17 




Organic matter, moisture & loss. 


2.89 





100.00 

The air-dried ore lo.st 0.50 percent, of moisture at 212°. 

No. 419 — LiMONiTE. Labeled '■'■Iron Ore, Mr. W. B. Morris' stock 
farm, Edmonson county, Ky. (^Ahove his coal.") 
A dull yellowish-brown earthy looking ore; portions of it ochreous, 
yellow; friable; adhering somewhat to the tongue; powder light yel- 
lowish-brown, becoming black when calcined in a covered crucible. 
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Composition, dried at 212° F. — 

Oxide of iron, - - - 62.12 = 43.50 per cent, of //'ora. 

Alumina, .... 2.46 

Brown oxide of manganese, - .05 

Lime, a trace. 

Magnesia, - - .29 

Phosphoric acid, - . .43 

Sulphuric acid, ... .06 

Potash, - - .38 

Soda, .42 

Silex and insoluble silicates, - 20.55 

Organic matter, water, and loss, 13.25 



100.00 

The air-dried ore lost 2.70 per cent, of moisture at 212°. 

Tiiis ore contains organic matter, somewhat similar to that which ex- 
ists in soils, which causes it to become black when it is h(?ated in a 
closeil vessel. This organic matter can be dissolved out of the ore by 
a'.kaliue solutions, but ^\as found not to contain either Crcnic or Apo- 
crcnlc acids. The ore is a 2;ood rich miueral of a siliciom chuiacter. 



■ o^ 



No. 472 — BiTUMSx. {M.'itcral piicJi) Labeled ^-Froni the Tar 
Sjirlvff, near t/ie Nulin Iron II'or/«, Ediuomon count >/, Kij.'''' 

A dull brownish black bitum2n of the consistcjnco of pitch, conlain- 
ing iuYolvcd sand, and portions of vegetable remains; not clastic. 

When heated it melts, gives off cumbuslible vapors, nml le ivcs a 
cellular coke, burning with a smoky yellowish llaiiie. It is soluble in 
ether, oil of torpentiue, napthi, &c, but insoluble in water and alco- 
hol. Acted on by strong nitric acid, sulphuric acid, and caustic { ot- 
ash solution. 

Proximate Anali/sis. 

M^''=^^"'"'=' -. ■ '-"^i- Total volalile matters - 63.00 

A'olatik- combustible matters, 61 .2d) 

Carbon ill the coke, - - l'*-70j, pj^.^^! ,.,,,iji^,„,^ . . 4-03 

Abhes and sand, - 33, jU) 



100.00 lUO.OO 

Doubtless containing the ordinary ingredients of petroleum. 
21 
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ESTILL COUNTY. 

No. 503 — Copper Ore. Brought from near Irvine, Estill county, Ey., 

hy 0. C. Winhvrn. 
Exterior of the lumps ochroous, brownish-yellow; interior [arfcly of 
the same cLanicler, and partly of a re(kli.-:lj-l)r()wn color, with diilused 
portions of yellow pyrites, and a light greenish Kibstmce, (caibonate 
of copper;) easily broken under the hammer; powder of a dirty odve 
color. 
Composition, dried at 212° F. — 

Copper, - - 21- 13 

Sulphur, - - - 9.28 

Peroxide of iron, - 36.55 

Alumina, - - - .... .38 

Carbonate of lime, - - - 14 06 

Magnesia, - ... ... i.68 

Silicious residue, - - - 19 57 



101.64 
The locality of this mineral has not yet been visited by Dr. Owen. 

Should it be found in sufficient abundance, to warrant the erection of 

proper furnaces to smelt the ore, it is rich enough to prove a profitable 

ore. 

This is believed to be the first instance of the discovery of copper 

ore in Kentucky. 

FAYETTE COUNTY. 

No. 504 — Soil. Labeled "Virgin soil from a Beech ridge, on Robert 
WicM'ffe's farm, tivo and a ladf miles from Lexington, on the Rich- 
mond turnpiJce; much less productive than the neighboring blue lime- 
stone soil; Fayette county, Ky." 

Color if the dried soil grey-buff. It contains irregular lumps of 
soft iron ore, varying in color from nearly black to dark yellow. 

One thousand grains carefully washed with water left 489. grains of 
pure sand, of which 113. grains would not pass through fine bolting- 
cloth, and, examined with the lens, was found to consist of rounded 
particles of ferruginous mineral, varying from yellowish-brown, to al- 
most black, mostly easily crushed in the fingers; with a few grains of 
rpilky quartz. 
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One thousand grains of the air-dried soil, digested for two months 
in water containing carbonic acid, gave up more than two and a half 
grains of dark brown cv/rad, of which more than one half was carbon- 
ate of lime. Its conipositmi, dried at 212°, was as follows: 

Grains. 

Organic and volatile matters, - 0.680 

Alumina, oxide of iron, and phosphates, - - - .498 

Carbonate of lime, - - - - 1.618 

Magnesia, - - - - .066 

Sulphuric acid, - - - - - .036 

Potash, - - - .072 

Soda, ... - - . .012 

Silica, - - .199 

Oxide of manganese and loss, - .449 



3.620 



The air-dried soil lost 4.12 per cent, of moisture at 400° F. 
Its composition, thus dried, is as follows: 

Orsanic and volatile matters, 

Alumina, and oxides of iron and manganese, 

Carbonate of lime, ... . . 

Magnesia, - - - 

Phosphoric acid, - ... 

Sulpliuric acid, - ..... 

Potash, - - - ... 

Soda, - - . . - 

Sand and insoluble silicates. 

Loss, - - ... 



4.881 


10.306 


.276 


.133 


.264 


.109 


.139 


.047 


83 834 


.021 



100.000 



A comparison between this and the richer blue limestone soil of Fay- 
ette county cm be made by turning to pages 276 and 37 9 of the pre- 
ceding report; and its inferiority to that will be seen to depend on its 
larger proportion of sand and silicious matters, and its smaller propor- 
tions of phosphoric acid and the alkalies, ac well as of lime and magne- 
sia, alumina and oxide of iron. 

This soil, which in this rich region of country is called a poor soil, 
by comparison, would be considered quite a good soil in some parts of 
Kentucky.* 

•Compare tiiis with the analysia of JefiBeraon county soil, O'Bannon'a statioa 
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No. 505 — S'.ucious EncK. Lubrlcl -Buf siUaoa^ rofl:, mdcrhprg 
Vie leech vldgc sol, nohcii WiiLlffe's farm, hvo ami a half mles 
from LcxJiff.'on, cvt of Lcxiiigtov and Big Sandy I'a'.lroud, near ihc 
Puchniond lanipikc, Fagel/c coiuilg, Kg" 
A dull, finc-.aiaiuiliir rock, of a tliity buff color; r.dhering slightly 

to the tongue; qiito friable; powder grjy -buffi 

Compofilion, (1 1 it'll iit SI'Z" F — 

.SilicM ;ind fiiicfMnd, - - ... 07.83 

Alumiiui, oxides of iron nnd maTigancse, - - - 8. Co 
CiiibonnlL' of lime, only ji trace. 

CHibonalc of magnesia, - ... 1 40 

Pliosplioiio acid, - ... . - .-o 

bulpliunc acid, .... . - — 

PutHsli, - .... ... .27 

Soda, - - - ... .14 

Water and loss, -"" '-'^ 

100.00 

This rock, ground-up, might make pretty good _fire-brich. 

No. 506 — SiLicious Shale, alternating tvith the preceding hvff-cohred 
rock, in the cut of the Lexington and Big Sandy railroad, through 
the beech ridge on Mr. Robt. Widd'f/Vs farm, {same_ locality as the 
two preceding.^ Fayette county, Ky. 

A soft grey-buff clay shale, showing darker discolorations with 
oxides of iron and manganese; adheres strongly to the tongue; easily 
disintegrates into clay on exposure to the air; powder grey-buff color. 

Composition, dried at 212° — 

Sand and insoluble silicates, ....... * 83.45 

Alumina and oxide of iron and manganese, - ■ - 10.25 

Carbonate of lime, - .... . 1.79 

Carbonate of magnesia, ....... 2.30 

Phosphoric acid, ..-...-- .60 

Sulphuric acid, - .92 

Potash, -41 

Soda, .01 

Water and loss, - .37 



100.00 



•The 83.45 grains of eand and insoluble (■Vioalee were found, on analysts, to consist of 70 
grains "I' efifett, and the remainder prinuipallj' itlumma, with U-ac6a of oxifle of imn, lime, and 
magnesia. 
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These rocks, which foim the siib-str.ila of this rcnnaikiililc beech 
liilge, in this limestone ivoion, avo very dilTLreiit in coniposiliuii frura 
the prevailing rock stratiun in Fiiyctle county. 

Tho two Atiiieties of the blue liinestone, next to bo described, are 
such asaregeneially found iu this vicinity underlying the soil. 

No. 507 — LiMi STONE. Lalidcil H'ppcr sliclbj hnjcr,from Van Ab'iis 
qiiarri/, juat below Lc.iiiigloii^ on ilie Elhhorn hrandi, Fujjelle county, 
Kjjy {Blue luncslonc, of Lower Sihiriem Formullon.) 
A bluish-grej^, coai>c grnaular h"niestone, glimmering with small con- 
fused crystals of calcarious p["ar, and containing many fossil remains, as 
of small Encrliud stems, Atrypn, Modiola, Leptasn.'i, Oithis, Pleurotoma- 
ria, &c, L^c. Wia'aiered surliices of a dirty-buff color; powder very 
light yellowish-giey. 

2.6C0 



Specific ovaviiy, 


- 


- 


- 


CompvsU'-on, dried at 2! 2= F. — 








C^iirbouutc of lime, 


- 


92.73 = 


52 03 Lime. 


CarbonKte of niHgnes.ia, - 


- 


.63 




Alumina, and oxides of iron and 






manganese. 


- 


2.42 




Pliosphoiic acid, 


- 


.86 




Sulphuric acid, 


- 


.34 




Chlorine, . . - 


- 


.05 




Potash, - - - - 


- 


.23 




Soda, .... 


- 


.28 




Silica and insoluble silicates, 


. 


2.18 




Loss, . - . . 


- 


.28 





100.00 

The air-dried rock lost 0.30 per cent, of moisture at 212° F. 

No. 508 — Limestone. Labeled "Limestone used for curb-stones, i^'c., 
<Si'c., Van AMn^s quarry, Fayette county, KyP 
Underlying the preceding; in thicker layers, and of a darker color 
and finer grained than that; glimmering with calcarious spar, and con- 
taining the usual fossils of the Trenton Urmstone, or blue limestone of 
the Lower Silurian Formation. 
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2.711 



Specific gravity, 


- 




- 


Composition, dried at 212° F. — 








Garbobate of lime, 




77.63 = 


43.66 Lime. 


Carbonate ol magnesia, 




10.00 




Alumina, and oxides of iron and 






manganese. 


- 


3.23 




Phospboric acid. 


- 


.70 




Sulphuric acid, 


- 


3.12 




Chlorine, not estimated. 








Potash, - 


- 


.32 




Soda, 




.15 




Silica and insoluble silicates, 




4.98 





100.13 

The air-dried rock lost 0.20 per cent, of moisture, at 212° F. 

No. 509 — Sub-soil. Laheled "Bed day, wider the sub-soil, eastern 
part of Fayette county, Ky." 

Dried eartli of a dirty reddish brown color. 

One thousand grains, washed carefully with water, left 664 grains of 
rcddi^ti-hroir)i siind, of which 75 grains was too Cdarse to pass through 
the finest bolting cloth, and was composed of rounded particles of soft 
iron ore, with a lew rounded quartzose grains. 

One thousand grains of the air-dried soil, digested for two months 
in water containing carbonic acid, giive up more than four grains of 
nearly w/iite e.etract, dried at 21^;", having the following composition: 

Grains. 

Organic and volatile matters, ... ... 0.350 

Alumina, oxides of iron and manganese, and phosphates, - - .018 

Carbonate of lime, -- 3.4'.)7 

Magnesia, -- --.... .253 

Sulphuric acid, - - - ... . . 055 

Potash, - - - - - . - .038 
Soda, not estimated. 

Silica, . . . , .139 

4.360 

The air-dried sub-soil lost 7.30 per cent, of moisture, at 400°, dried 
at which temperature its composition was : 



CHEMICAL REPORT OF GEOLOGICAL SURVEY. 167 



6 242 


19 206 


1.196 


.426 


.434 


.054 


.308 


.086 


72 994 


.064 


100.000 



Organic and volatile matters, . - . 

Alumina, and oxides of iron and manganese, 

Carbonate of lime, . - . . . 

MHgnesia, .... 

Pho-phorie acid. 

Sulphuric acid, - - - - 

Potash, ... 

Soda, - - - . 

Sand and insoluble silicates. 

Loss, - . 



No. 510 — SuB-POTL. Labeled '^Feiruginous daj/, tinder the sub-soil, at 
Megowari's quarry, terminus of the Big Sandy railroad at Lexington, 
Fayette county, Ky.'''' 

Dried sub-soil of a greyish-reddish-brovvn, containing irregular 
nodules of chert, partly decomposed tind porous. 

Washed with water one thousand grains left 514 grains or reddish 
sand, of which 1H0 grdns would not go through the finest bolting- 
cloth, and consisted mainly of rounded particles of soft dark colored 
iron ore, which could be crushed in the fingers; with- a quartzose 
grains. 

One thousand grains of the air-dried sub-soil, digested for two 
months in water containing cirhonic acid, gave up only a little more 
than one grain of olive-grey extract, dried at 212°; the composition of 
which was as follows : 

Grains. 

Organic and volatile matters, - - . - . . 0.280 

Alumina, oxides of iron and manganese, and phosphates, - .249 

Carbonate of lime, - .... .279 

Magnesia, .... .... .046 

Sulphuric acid, .... - - . .102 

Potash, - - .... .052 

Soda, - - - .026 

Silica, .079 



1.112 

The air-dried sub-soil lost 6.38 per cent, of moisture at 420° F.; 
dried at which temperature its composition is as follows: 
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Grains. 

Organic and volatile matters, - .... 4.913 

Alumina and oxides of iron and manganese, - - - 20.300 

Carbonate of lime, - - .... .1]6 

Magnesia, - - - - - - .034 

Phosphoric acid, - ... - - .333 

Sulphuric acid, --.- ...-- .082 

Potash, .309 

Soda, - - - .159 

Sand and insoluble silicates, - - .... 73.874 



100.170 

III these two specimens of the red clay, which extensively under- 
lies the upper sub-soil in the Hue grass region, we find considerable sim- 
ilarity of composition, especially in the proportions of phosphoric acid 
and alkalies, which are comparatively large. The alumina and oxide 
of iron, marly in like qumtity in these two Fayette county specimens, 
is much greater in that brought from Wood turd county, near Vur- 
sailles, (which see;) and in them all the proportion of carbonate of 
lime is variable. In all of them, a portion of v.hat is stated as organ- 
ic (ind volatile mailers — representing the loss of weight observed on 
the complete cakiiia^:ion at a red heat, of the well dried soil — must be 
considered only comhiricJ ivaler. 

Although containing as much as twenly per cent, of alum'na and 
oxide of iron, this red cla'j of Fayette county allows water freelv to 
pass through it, so that it does not prevent the drainage of the soil; 
which is favored by the cavernous nature of the limestone beneath. 
Whether or not the red clay of Woodford count}', which contains mure 
than thirty -three pes- cent, of these ingredients, causes the surface wa- 
ter to stagnate, the writer is not advised; Ijut it is probable, from its 
appearance, that it docs not act injuricusly in this respect. 

No. 511 — Ltmkstone. Luhcled '^I'llagncsian Limestone, upper layer five 
inches to a foot tlileJc; not used for huilding purposes; a bed in the 
Bird's Ege Limestone of the Loiver Silurian Formation, Grimes'' 
Quarrg, Horse Shoe Point, Grimes'' will, about one and a quarter 
miles from the Riclimond turnpike near Kentuslrg river, Fagette coun- 
ty, Kentuchj" 
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A greyish-buff, fine granular roclx, pretty uniform in structure, ex- 
cept for some small cavities lined with light colored ochreous matter; 
no fossils or pyrites; adhering very slightly to the tongue. 
Specific gravity, - - - - 2.716 

Composition, dried at 212° F — 

Carbonate of lime, - ... 51.67 

Carbonate of magnesia, ... . 29.33 

Alumina, and oxides of iron and manganese, 3.57 

Phosphoric acid, - - - - .37 

Sulphuric acid, - - . ... .34 

Potash, - - - - .71 

Soda, .... ... .82 

Silex and insoluble silicates, 11.68 

Loss, .... . . . 1.71 



100.00 

The air-dried rock lost 0.10 per cent, of moisture, at 212° F. 

No. 512 — Limestone. Labeled '■'Building Stone, from Grimes' Quar- 
ry, Fayette county, KyP 

Some of the layer immediately under the above described, about 
five feet thick; much used for building purposes. 

A light yellowish-grey, fine granular limestone, quite homogeneous 
in its structure, with no appearance of fossils or pyritous matter. Un- 
der the lens appears to be made up of pure crystalline grains, aggre- 
gated together without cement; powder nearly white. 

Specific gravity, - - 2.703 

Composition, dried at 212° F. — 

56.54 = 31.16 Lime. 
40.80 = 19.68 Magnesia. 



Carbonate of lime, - 


- 56.54 


Carbonate of magnesia, - 


40.80 


Alumina, oxide of iron, &c.. 


.96 


Sulphuric acid, 


.02 


Potash, - 


.36 


Soda, - 


.22 


Silex and insoluble silicates, 


2.79 



100.69 

The air-dried rock lost 0.30 per cent of moisture, at 212° F. 



22 
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No. 513 — Limestone. Labeled '-Portion of one of the hoimdarij stones 

of the city of Lexington; originally from Grimes'' quarry; locality 

as above; appearance much the same as that of the preceding; adheres 
slightly to the tongue.'''' 
Specific gravity, ....-- 2.615 
Compoaition, dried at 212° F. — 

Carbonate of lime, 65.99 

Carbonate of magnesia, ....... 37.33 

Alumina, oxides of iron, &c., ....-- .72 

Pho.=;pboric acid, --------- .25 

Sulphuric acid, -33 

Polabh, - 2,35 

Soda, - - .25 

Silex and insoluble silicates, ..--.- 3.38 

100.60 

The air-dried rock lost 0.10 per cent, of moisture, at 212° F. 

The proportion o{ potash in the above specimen is remarkable. The 
portion analyzed had been broken from the old boundary stone, just 
at the surface of the soil, in order to exhibit the power of this stone 
to resist the decomposing atmospheric iufluecces, under the most un- 
favorable circumstances; whether the prolonged contact of the rock 
with the soil had made any change in its proportion of potash, by in- 
terpenetration, or whether there was an error in the determination, 
would be a subject for further investigation. 

This building stone, which has recently been selected by the build- 
ing committee of the Kentucky Clay Monument Association, for the 
material of their proposed monument, commends itself, in many re- 
spects, as one of the best materials which could be chosen for their 
purposes. 

Its homogeneous structure and purity of composition; its consid- 
erable proportion of magnesia, with the absence of fossils, pyrites, or 
flinty matter; are all favorable to great durability and facility of 
shaping it with the chissel; and its light warm-grey color is more 
pleasant to the eyes of most persons than the pure white of statuary 
marble. 

In the city of Lexington the door-steps of some of the oldest 
houses, made of this rock, exhibit very little sign of disintegration; 
and, according to the experience of architects in general, a pure horn- 
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ogeneous, magnesian limestone may be classed amongst the most du- 
rable of building rocks. 

It was of this rock that the block was selected which was sent by 
the state of Kentucky to the Washington monument, at the capital of 
the United States. 

It will be seen by comparison that the composition of this stone 
is remarkably similar to that of the Doloraitic limestones of this and 
other countries. 

No. 550 — Mineral Water. Water from the bored well at the Lunatic 
Asylum, Lexington, Ky. 

The water of the large -spring, formerly used at this extensive es- 
tablishment, having become contaminated by the leak.-ige of some of 
the large sewers, an attempt was made to procure a supply of w.itiT by 
boring; ami, after penetrating one hundred and six feet, of which 
eighty-six feet were through the sulid blue limestone rock, abundance 
of water was obtained. It was found to be h, weak saline sulphur wa- 
ter, containing sulphuretted liijil i-ogvii and curhon c ac>d (-//^ses, and left, 
on evaporation to dryness at the tenipeiatnre of 2 1 2°, about one gr.in 
and six-tenths of a grain from the one thous md grans of water, or 
more than eleven grains of saline matter to the pint. 

This saline matter was found to consist of 

Carbonate of lime; 

Carbonate of magnesia; 

Carbonate of iron, a trace; 

Chloride of sodium, (common salt,) considerable proportion; 

Sulphate of lime; 

Sulphate of magnesia; 

Silica and prohaJjlg sulphates of soda and potash, with traces of 
iodine and bromine — one or both. 

A full qurmtitatii>c analysis not having been made, as yet. the pres- 
ence of these minuter ingredients cannot be positively asserted. 

This fine well has proved a great boon to this public establishment. 
It is employed for all the domestic purposes — for washing, drinking, 
cooking, &c., and since its use the medical superintendent, Prof. W. 
C. Chipley, thinks the general health of the inmates has been improv- 
ed: in particular, endemic diarrhea, which was formerly a very frequent 
scourge, has been almost entirely removed. The first influence on the 
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bowels, resulting from its free use, was somewhat constringent, follow- 
ed by some relaxation, after which their action became natural; it is 
observed to habitually increase the action of the kidneys. 

FRANKLIN COUNTV. 

No. 514 — Limestone. Labeled '^ Hydraulic'^ limestone, main Benson, 
near BrigMs mill, FranMin county, Ky.'' 
A pretty dense, grey, fine granular rock; generally dull, but glim- 
mering in spots with particles of calcarious spar; powder light bluish- 
grey. 

Specific gravity, - - - - 2.699 

Composition, dried at 212° F. — 

Lime, ... 60.19 

Magnesia, -- ...... .66 

Alumiaa and oxide of iron, - - - - - - 1.24 

Carbonic acid, .... .... 40.16 

Phosphoric acid, ........ .44 

Sulphuric acid, ...... -- .68 

Potash, ... - - .23 

Soda, - - - .29 

Silex and insoluble silicates, - - .... 6.94 



100.82 

The air-dried rock lost 0.30 per cent, of moidure, at 212° F. 
This limestone does not contain enough silica, alumina, &c., to con- 
stitute it a good water-lime. 

No. 515 — Limestone. Labeled "Near Bridgeport, Franldin county, 

Kyr 

A fine grained dark bluish-grey rock. Weathered surfaces brownish- 
buff; no fossils, except what might be the cast of a small/wcoec? body, and 
certain other similar appearances of small stems traversing the rock, 
and of a dirty-buff color, very apparent on the generally dark-grey 
surface; powder light grey. 

Specific gravity, ... . 2.700 

Qomposition, dried at 212° F. — 

Carbonate of lime, - .... . 76.76 

Carbonate of magnesia, - . . - . . ,ig 

Alumina, ozides of iron, &c., .... . §25 

Phosphoric acid, .... ... 09 

Sulphuric acid, 85 
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Potash, ... . - ... .48 

Soda, .... .... .44 

Silex and insoluble silicates, - - - - 18.86 

Loss, .... .09 



100.00 

The air-dried rockiest 0.20 per cent, of moisture, at 212° F. 

The proportion of silex in this limestone is sufficient to constitute 
it a water-lime, provided it is in such a state of aggregation as to unite 
readily with the lime, which can be ascertained by a practical trial. 

No. 516 — Lbiestone. Labeled '■'• Encrinital limestone from near Bridge- 
port, Franklin county, Ky." 

On the recent fracture this rock appears to be made up of coarse 
confused crystalline grains of calcarious spar, colored dark grey and 
brownish by ferruginous admixture; but on the weathered surfaces, 
which are of a dirty buff color, innumerable joints and portions of 
small encrinal stems appear. 

51.99 per cent, of Lime. 



Composition, dried at 212° F. — 




Carbonate of lime, 


- 92.66 


Carbonate of magnesia, - 


- 1.54 


Alumina, oxide of iron, (fee. 


- 1.19 


Phosphoric acid. 


.09 


Sulphuric acid. 


1.27 


Potash, ... 


.30 


Soda, 


.13 


Silica and insoluble silicates. 


- 3.68 



100.85 

The air-dried rock lost 0.20 per cent, of moisture, at 212° F. 

No. 517 — Soil. Labeled '■'■Virgin upland soil, from the waters of 

Benson creek, near Hardinsville, Franklin county, Ky., farm of 

John J. Julian^ 

Color of the dried soil dark, dirty buff-grey. 

One thousand grains washed with water left 677 grains oi fine sand, 
of which about 90. grains was too coarse to pass through the finest 
bolting cloth ; this consisted mainly of rounded particles of soft iron 
ore, with a few quartzose grains. 

This soil was found to be mixed with fragments of charcoal, which 
increased its apparent amount of organic and volatile matters. 
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One thousand grains of the air-dried soil, digested for two months 
in water containing carbonic acid, gave up more than three grains and 
a half of dark hroivn extract, dried at 212°, which was composed of 

Grains. 

Organic and volatile matters, ...--.. 1.430 

Alumina, oxides of iron and manganese, and phosphates, - - .768 

Carbonate of lime, ..---.... .917 

Magnesia, - - - - . . .055 

Sulphuric acid, - - - - .037 

Potash, .... .096 

Soda, ... .047 

Silica, ... . .339 



3.680 

Dried at 400° the air-dried soil lost 5.18 per cent, of moisture; 

dried at which temperature its composition uas found to be as follows: 

Orgaiiic and volaiile matters, - - . 9.133 

Alumina, iitid oxide of iron and manganese, ... 8.100 

Carbcmate of lime, - ... . . 3 ly 

Carbotmte of magnesia, ... gl^ 

Phosphoric acid, .... . . 2^3 

Sulphuric acid, ........ .ugg 

Potash, - ... . . 173 

Soda, - .... 049 

Sand and insoluble silicates, ....... 80.754 

Loss, - ... . g47 



lUO.OOO 



No. 5 1 8 — Soil. Labeled "Same kind of soil and growth as the preceding; 
has been twelve f/cars in lultivution, in torn and oats Mefltj. ^Ya^crs 
of Benson creek, near Hard/ iisvillc, farm of John J. Julian, Frank- 
lin countij, KijP 

Dried soil a little lighter colored than the preceding. 

One thousand grains washed with water left 705 grains of fine grey- 
ish sand of which only about 30 grains was too coarse to pass through 
fine bolting cloth; consisting mainly of rounded and angular fragments 
of fdTuginous and qnartzose minerals. 

One thousand grains of the air-dried soil, digested for two months 
in water containing carbonic acid, gave up more than two grains and 
a half of ydlowish-brown extract, dried at 212°, of the foUomog com- 
position: 
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Grains. 

Organic and volatile matters, ....... 0.670 

Alumina, oxide of iron, and phospbates, ..... .277 

Brown oxide uf manganese, - - - - .338 

Carbonate of lime, .... . . . .867 

Magnesia, .100 

Sulpburic acid, ....... .. .295 

Poiash, . .060 

Soda, - - .031 

Silica, .119 

2.637 

Dried at 370° this soil lost 1.93 per cent, of moisture, aad its com- 
position was found to be as follows: 

Organic and volatile matters, ....... 3.790 

Alumina and oxides of iron and manganese, ... 4.589 

Carbonate of lime, - - - .196 

Magnesia, ... .... .066 

Pho'^phoric acid, - - . .151 

Sulpburic acid, . - . . . . .054 

Potasb, ... . .135 

Soda, ■ - . .026 

Sand and insoluble silicates, ....... 90.7:H 

Loss, .259 

100.000 
The proportions of all the essential elements of this soil are smaller 
than in the preceding virgin soil of the same locality. 

No. 518 (4) — Soil. Same kind of soil and groivth as the preceding; 
from a field that has heen from forty to fifty years in cultivation; wa- 
ters of Benson, Franklin county, near Hardinsville, farm of Mr. 
John J. Julian. 

Dried soil of a grey-buff color. 

One thousand grains of the air-dried soil, washed carefully with 
water, left 720 grains oi fine sand, of which 21.70 grains would not 
pass through fine bolting-cloth. This latter portion consisted, princi- 
pally, of small rounded ferruginous particles. 

One thousand grains of the air-dried soil, digested in the usual man- 
ner, for a month, in water containing carbonic acid, gave up more 
than two and a third grains of brownish extract, dried at 212° which 
exhibited the fpUowing composition, viz : 
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Grains. 

Organic and volatile matters, ... - , 0.470 

Alumina, oxides of iron and manganese, and phosphates, - .287 

Carbonate of lime, - - - -913 

Magnesia, - - - .091 

Sulphuric acid, - ' ' -081 

Potash, - - - -0^6 

Soda, -017 

Silica, - -200 
Loss, 



.222 



2.366 

Dried at the temperature of 400° the air-dried soil lost 2.525 per 
cent, of moisture. Its composition, thus dried, is as follows: 

Organic and volatile matters, - ... 4.206 

Alumina, - - - - 2.120 

Oxideof iron, - - ■ - 2.915 

Carbonate of lime, - - - -l^S 

Magnesia, . - - - - - .233 

Brown oxide of manganese, - - - - .004 

Sulphuric acid, - ... - .043 

Phosphoric acid, .128 

Potash, - - -130 

Soda, ... - .051 

Sand and insoluble silicates, - - - 90.170 

1.173 
By comparison with the preceding soil, it will be seen that the soil 
of this field, which has been from forty to fifty years in cultivation, 
contains a smaller relative proportion of phosphoric and sulphuric acids, 
of potash, and of carbonate of lime, than the virgin soil, or the soil 
from the field which has been but twelve years in cultivation ; and that 
it yielded a smaller quantity of nutritious extract to the carbonated 
water than those soils. 

No. 518 (i?) — Soil. Labeled "Sub-soil from a fidd on John J. 
Julian s farm, waters of Benson, Franklin county, Ky.'''' 

Dried soil of a dark grey-buff color. 

One thousand grains of this sub-soil gave, on washing with water, 
630.7 grains of fine sand, of which all but 18 grains passed through 
fine bolting-cloth. This latter portion consisted of round particles, of 
a ferruginous mineral, with a few quartzose grains. 
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One thousand grains of the air-dried soil, digested for a month in 

the carbonated water, gave up less than a grain of ne.irly white ex- 
tract, dried at 212°, composed as follows, viz: 

Grain. 

Organic and volatile matters, - - ..... 0.217 

Alumina, oxides of iron and manganese, and pliosphates, - - .063 

Carbonate of lime, - - - . . . . . . .181 

Magnesia, .030 

Sulphuric acid, - - .034 

Poiash, -- ..... .. .OJS 

Soda, .0,38 

Silica, 200 

Loss, .01 Ti 

0,830 

The air-dried soil lost 3.30 per cent, of moisture at 400°. Its com- 
position iw as follows: 

Organic and volatile matters, ...... 3.179 

Alumina, ..... ..... 4 470 

Oxide of iron, 4.8j!3 

Carbonate of lime, .082 

Magnesia, .312 

Brown oxide of manganese, .... . .0O6 

Sulphuric acid, .033 

Phosphoric acid, - - - - - - - • .148 

Potash, .282 

Soda, - - .002 

Sand and insoluble silicates, 86.380 

Loss, .282 



100.000 



GEEENOP COUNTY. 

No. 307 — LiMONiTE. "Hydrated oxide of iron, in the form of pot ore, 
associated ivith the limestone ore. Belief onie Furnace, Greenup countij, 
Kentucky.''' 

A concretionsiry mass of limonite, with a large irregular cavity- 
lined with an almost black layer; exterior surface, and between the 
layers, soft and brown; powder brownish-yellow; when calcined, of a 
handsome spanish-brown color. 

23 
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56.23 per cent, oi Iron. 



Composition, dried at 212° F. — 




Oxide of iron. 


80.30 


Alumina, not estimated. 




Brown oxide of manganese, 


.36 


Magnesia, 


.40 


Potash, 


.34 


Soda, 


.01 


Phosphoric acid, 


.60 


Silica and insoluble silicates. 


6.55 


Combined water, 


- 12.12 



100.67 

The air-dried ore lost 1.00 per cent, of moisture at 212° F. 

A pure limonite, containing only traces of lime and alumina, and 
not sufficient silicious matter to form cinder enough in the furnace to 
protect the reduced iron from the action of the oxygen of the blast. 
It can be smelted successfully by admixture with poorer ores and lime- 
stone. 

No. 481 — Limestone. Labeled "Limestone used as a flux at the Buf- 
falo Furnace-; lies near the level of the Clay creek branch of Little 
Sandy river, 'Greenup county, Ky.^'' 

A compact, fine granulaj, greenish-grey limestone; uniform in tex- 
ture and appearance. 

Specific gravity, - - 2.691 

Composition, dried at 212° F. — 

Carbonate of lime, - - - - 

Carbonate of magnesia. 

Alumina and oxide of iron, - - 

Phosphoric acid, - - 

Potash, ... 

Soda, - - ... 

Silex and insoluble silicates, - - - 

Loss, - . . 

100.00 

The air-dried rock lost 0.20 per cent, of moistnre at 212° F. 

No. 482 — Carbonate of Iron. Labeled '■'■Centre fart of the Kidney 
Ore, which lies over the main block ore, tops of hills, with impure 
(bastard) limestone under it, Buffalo Furnace, Greenup county, 
Kentucky." 



73 90 


2.08 


1.19 


.46 


.27 


.06 


21,67 


.38 
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Portion of a nodular mass; dull, fine-grained; of which the exte- 
rior portion is of a dark brown color, separating in concentric layers; 
the central part is of a dark grey color, passing, on its exterior, into 
the yellowish and brown layers, which make up the outside of the 
mass. (The analysis of the exterior portion was given in the previ- 
ous report.) Powder of the interior grey part of a yellowish-grey 
color. 



40.70 per cent, of Iron. 



Composition, dried at 212° F. — 




Carbonate of iron, - 


- 70.27 


Oxide of iron. 


- 10.16 


Alumina, 


.16 


Phosphoric acid, 


.73 


Carbonate of lime. 


- 2.45 


Carbonate of magnesia. 


6.62 


Carbonate of manganese, 


1.46 


Potash, 


.40 


Soda, 


.09 


Silex and insoluble silicates. 


- 8.15 


Loss, 


.62 



100.00 

The air-dried ore lost 0.50 per cent, of moisture, at 212°. 

No. 474 — LiMONiiE. Labeled "Clay Iron Stone, Giger's Hill, Cat- 
lettshurg, Greenup county, Ky^'' 
Portion of a concretionary mass, itregular in form, with a cavity in 
the interior, and some concentric layers around it; compact; adhering 
slightly to the tongue; of a dirty reddish-brown color; powder brown- 
ish-ochreous. 
Composition, dried at 212° F. — 

Oxide of iron, - 68.30 = 47.83 per cent, of Iron. 

Alumina, - - 3.65 

Carbonate of lime, - .28 

Magnesia, - 2.64 

Potash, - - - - .27 

Soda, - - - .22 

Silex and insoluble silicates, - 12.28 

Combined water, - - 12.09 

Pho^^phoric acid and loss, .27 

100.00 

The air-dried ore lost 1.60 per cent, of moisture', at 212°. 



23.62 per cent, of Iron. 
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No. 475 — Impuhe Carbonate of Ikon. Labeled " Ferrug'nous li'me- 
slone under the limeslone ore, Greenup county, Ky. {How much 
iron and lime'")" 

A fine granular rock, of a dull aspect; containing small spangles of 
mica; not adhering to the tongue. Interior of a dark olive-grey col- 
or; exterior, to the depth of more than half an inch, dull reddish- 
brown, shading into dirty yellowish-brown on the outside suiface; 
powdi r (of an average portion,) of a grey-buil' color. 

Specific gravit)', ....... 3. 155 

Composition, diied at 212° F. — 

Cmbonate of iron, 

Oxide of iron, 

Caibonnfe of lime, 

Carbon;ite of magnesia, - 

Carhonate of manganese. 

Alumina, ... 

Pliosphdiic acid. 

Potash, - 

Soda, .... 

Si lex and insoluble silicates, 

Organic matters and loss, 

lUO.OO 

The air-dried rock lo.st O'.GO percent, of moisfhre at 212° F. 

Although this mineral contains ra:her too small a prnportion of iron 
to be considered a good ore of that met:d, it 3'et will answer a profitable 
purpose when it is mixed, in proper propcrtion, with some ol' those 
limonites of Greenup county which are reliactory in the furnace, in 
consequence of their very liirge per centage of oxide of iron. The 
consid(T;ible proportion of lime and m ignesi:, contained in this rock, 
renders it an appropriate fluxing material for those very rich iron ores 
which are of a silicious character. 

No. 47G— LiMONiTE. Labeled "Limestone ore, over the limestone, 
Pennsylvania Furnace, Greenup county, Ky." 
Exterior of the ore of a dirty y(41owish-grey color. On one edge 
the fracture presented a compact layer of dark brown limonite, which 
gradually passes into a granular mass, composed of small brownish-red 
grains, cemented by a wiiitiBh and yeUowibJh matter, of wkicli mixture 



■ 28.01; 


- I4 42I 


■ 29.37 


5 57 


.18 


1.38 


.29 


.42 


.3,3 


■ 19.98 


.05 
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the ore is principally composed, giving it a fine oolitic appearance; 
powder light brownish-red. 

60.98 per cent, of Iron. 



Composition, dried at 212° F. — 




Oxide of iron. 


- 72.80 


Alumina, ... 


- 2.17 


Brown oxide of manganese, 


.45 


Carbonate of lime, 


.18 


Magnesia, 


- 1.19 


Potash, 


.48 


Soda, .... 


.02 


Silex and insoluble silicates. 


- 10.67 


Combined water, 


- 11.20 


Loss, . . . - 


.94 



100.00 

The air-dried ore lost 2.70 per cent, of moisture at 212° F. 

No. 316 — LuK'NiTE. Labeled "K/'dne?/ ore, above the block ore and 
under the main limestone, Pennsylvania Furnace, Greenup county^ 
Kyr 

A dark, purplish-brown, limonite; compact; adhering slightly to 
the tongue; containing minute sp ingles of mica; some of the fissures 
coated with glimmering d..rk colored, minute crystals; powder of a 
spanish-brown color. 

12° F.— 

53.85 per cent, of Iron. 



Composition, dried at 212° F. — 




Oxiiie of iron, 


- 76 90 


Alumina, ... 


. 1.21 


Brown oxide of manganese, 


.25 


Phosphoric acid, 


.64 


Magnesia, ... 


.28 


Potash, . - . - 


.23 


Soda, .... 


.16 


Silex and insoluble silicates. 


- 11.77 


Combined water, 


. 9.09 



100.63 

The air-dried ore lost 0.50 per cent, of tmisture at 212*^ F. 

No. 317 — Limonite. Labeled ''Block ore, below the hearthstone, aver- 
age seven to eight inches, Pennsylvania Furnace, Greenup county, 
Ky." 
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A dense, compact, limoriite of a dark purple-brown color; present- 
ing some cavities lined with ochreous ore; adhering slightly to the 
tongue; powder of a brownish-red color. 

- 3.292 

68.20 = 47.76 per cent, of Iron. 



Specific gravity, 


- 


Composition, dried at 212° F. — 




Oxide of iron, 


68.20 


Alumina, 


2.98 


Brown oxide of manganese. 


.25 


Phosplioric acid. 


.99 


Lime, a trace. 




Magnesia, 


1.02 


Silex and insoluble silicates, 


17.17 


Combined water, - - . 


8.57 


Alkalies, not estimated, & loss, 


.82 



100.00 

The air-dried ore lost 2.20 per cent, of moisture, at 212" F. 

No. 318 — LiMONiTE. Labeled '■'■Limestone ore, incnisted with ochreous 
oxide of iron, Pennsylvania Furnace, Greenup county, Ky^ 
A friable and porous ore, composed of irregular portions of dark 
brown hsematite, imbedded in yellowish, (ochreous) soft matter, of dif- 
ferent shades of color; powder brownish-yellow. 

Composition, dried at 212° F. — 

61.10 = 42.78 per cent of Iron. 



Oxide of iron, 


61.10 


Alumina, 


.85 


Carbonate of lime, - 


.45 


Magnesia, 


1.09 


Brown oxide of manganese. 


.95 


Phosphoric acid, a trace. 




Potash, - - - - 


.38 


Soda, - - . . 


.10 


Silica and insoluble silicates. 


- 23 85 


Combined water. 


- 11.67 



100.44 

The air-dried ore lost 1.50 per cent, of moisture, si 212° P. 

No. 477 — Limestone. Labeled ^^ Limestone, under the limestone ore, 
used as a flux, Pennsyloania Furnace, Greenup county, Ky." 
A dark grey, fine grained, compact limestone. 
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Composition, dried at 212° F. — 

Carbonate of lime, - - . . - . . 

Carbonate of magnesia, - .... 

Oxide of iron, ... .... 

Brown oxide of manganese, - ... 

Alumina, ... . . 

Potash, - .... 

Soda, - - ..... 

Silex and insoluble silicates, - - . 

100.18 

The air-dried rock lost 0.50 per cent, of moisture, at 212° F. 

No. 478 — LiMONiTE. Labeled "Lower Jddney ore, over the one foot 
sandstone, Raccoon ore banks, Greenup county, Ey.''^ 
A dense dark-colored ore ; reddish and purplish brown ; with irreg- 
ular cavities, and portions of soft yellowish and red ochreous mineral. 



91.47 


2.76 


1.82 


.05 


.48 


.13 


.10 


3.38 



Specific gravity. 


- 


- 3.083 


Composition, dried at 212° F. — 






Oxide of iron. 


- 58.30 = 


40.82 per cent, of Iron 


Alumina, ... 


- 1.05 




Brown oxide of manganese, 


.65 




Phosphoric acid. 


1.25 




Carbonate of lime. 


.15 




Magnesia, . . - 


.77 




Potash, 


.40 




Soda, - . - - 


.08 




Silex and insoluble silicates. 


- 29.77 




Combined water. 


- 8.31 





100.73 

The air-dried ore lost 1.30 per cent, of moisture, at 212 F. 

No. 289 — LiMONiTE. Labeled '^ Lower six inch black ore, Raccoon Fur- 
nace, Greenup county, KyP 
A dull looking mineral, in irregular hard layers of a dark brown 
color, coated and separated by soft dirty ochreous ore; powder dull 
yellow ochre color. 
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17.29 per cent, of Iron. 



Composition, dried at 212° F. — 




Oxide of iron, 


- 24,70 


Alumina, 


- 3.75 


Brown oxide of manganese 


.05 


Phosphoric acid, a trace. 




Magnesia, 


.67 


Potash, ... 


.32 


Soda, - 


.01 


Silex and insoluble silicates, 


- 64.42 


Combined water. 


- 6.66 


Loss, .... 


.42 



100.00 

The air-dried mineral lost 1.20 per cent, of moisture, at 212° F. 
Rather too poor in iron to be valuable, except for mixture with very 
rich calcarious ores, to produce cinder. 

No. 309 — LiMONiTE. Labeled "Main Kidney Ore, above the lime- 
stone ore, Greenup Furnace, Greenup county, Ky." 
A dull looking ore; dirty ochreous on the exterior; dull reddish 
and yellowish-brown in the interior; apparently a portion of a nodular 
mass; scarcely adhering to the tongue; powder dirty ochreous. 

2.770 
28.99 per cent, of Iron. 



Specific gravity. 


- 


Composition, dried at 212° F. — 




Oxide of iron, 


- 41.40 


Alumina, ... 


3.36 


Brown oxide of manganese, 


.75 


Phosphoric acid. 


.64 


Carbonate of lime, - 


1.15 


Magnesia, 


- 1.50 


Potash, 


.23 


Soda, .... 


.01 


Silica and insoluble silicates. 


- 41.47 


Combined water. 


10.64 



100.95 
The air-dried ore lost 2.30 per cent, of moisture, at 212°. 
Rather a poor ore, containing a large proportion of sjlex, which 
may be made profitable in judicious mixture with other ores. 
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No. 479 — Carbonate of Iron. Labeled "Carbona/e of Iron, loiuest 
bed, middle part, Greenup Fitruace, Greenup counly, Ay." 
Exterior olive-yellow; friable; soiling the fingers; interior dull 
dark grey, of fine granular, dense structure; powder light grey. 

- 3.497 

37. 4G per cent, of Iron. 



Specific gravily, 


. 


CompoKilion, dried at 212^ F. — 




Carbonate of iron, 


- 67.84 


Oxide of iron, 


- 5.89 


Carbonate of lime, - 


- 3.25 


Carbonate of magnesia, - 


- 4.88 


Carbonate of manganese, 


1.97 


Aluminn, 


1.45 


Phosphoric aciJ, 


.60 


Potash, .... 


.50 


Soda, 


.09 


Silex and insoluble silicates, 


- 13.78 



100.25 

The air-dried ore lost 0.50 per cent, of moisture at 212° F. 
A valuable ore, which contains within itself nearly enough, or per- 
haps quite enough, fluxing materials to form its own cinder. 

No. 312 — Carbonate of Iron. Labeled "Carbonate of Iron, lowest 
ore obtained at Greenup ore banks, Greenup county, A'y." 
A dull, dark brown, fine granular mineral, with a few minute scales 
of mica; exterior dirty ochreous; powder dirty oiange-brown. 

Composition, dried at 212° F. — 



Carbonate of iron. 


- 66.92 


Oxide of iron, 


- 14. N 


Carbonate of lime, - 


1.25 


Carbonate of magnesia, - 


- 5.28 


Carbonate of manganese, 


2.04 


Alumina, ... 


- 1.05 


Phosphoiic acid. 


.99 


Potash, .... 


.61 


Soda, .... 


.01 


Organic matters, 


.80 


Silex and insoluble silicates. 


. 16.15 


Water and loss, 


.76 



\ 



37.10 Iron. 



100.00 

The air-dried ore lost 0.50 per cent, of moisture at 212° F. 

This ore nearly resembles the preceding in composition. 
24 
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No. 311 — Carbonate of Iron. Labeled "Carbonate of Iron, lowest 
bed of ore, lower part of the bed, Greenup Furnace, Greenup 
county, Ky." 
A dark-grey, fine granular ore; powder yellowish-grey. 

Composition, dried at 212° F.— 

Carbonate of iron, - - '°^-'^^l ^ci^si ]itr aent. ot Iron. 

Oxide of iron, 6.25) 

Carbonate of lime, - 3.13 

Carbonate of magnesia, 6.62 

Carbonate of manganese, .83 

Alumina, - -41 

Phospborio acid, a trace. 

Potasb, .34 

Soda, - .29 

Silex and insoluble silicates, - 21.82 

Water and loss, - .90 



100.00 

The air-dried ore lost 0.40 per cent, of moisture, at 212°. 
Rather less rich than the two preceding ores, but yet a valuable ore 
of the same general character. 

No. 330 — Iron Furnace Slag. Labeled "Pea-green cinder, Buena 
Vista Furnace, Greenup county, Ky^ 
A greyish-green, blebby cinder, containing small nodules of cast 
iron, with iron rust on the weathered surfaces. Before the blow-pipe 
it melts, without intumescence, into a clear light bottle-green glass. 

Composition — 

28.884 



Silica, 


58.00 


Containing 


of 


oxygen. 


Alumina, 


- 20.50 






9.682 


Lime, 


12.06 






3.554 


Magnesia, 


- 2.19 






.876 


Protoxide of iron, - 


3.61 






.778 


Protoxide of manganese, 


1.21 






.272 


Potash, 


2.12 






.349 


Soda, 


.65 






.140 



100.14 16.551 : 28.884 

The oxygen in the bases to that in the silica is as - - 1 : 1,78 

Contains a little more silica, and a little less lime and magnesia, than 

slag No. 47, from the same furnace, (see former report, page 290.) 

This contains, also, more protoxide of iron and manganese. From 

the involved little nodules of iron it is inferred thfl,t this was of rath- 
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er more pasty consistence than that. In this, as well as in No. 47, 
the bases, especially the alumina, are a little in excess of the propor- 
tion to produce the most fusible cinder. 

No. 293 — LiMONiTE. Labeled '^Kidney ore, with sulphate of lime, 
Birk ore hanlc, overlaid by sandstone, Laurel Furnace, Greenup 
counti/, Ky." 

A dense, dark colored limonite, with many fissures coated with sul- 
phate of lime; powder of a dull spanish-brown color. 



Specific gravity, 


3.026 


Composition, dried at 212° F. — 




Oxide of iron, 


- 77.60 = 54.25 per cent, of Iron. 


Alumina, 


1.23 


Brown oxide of manganese, 


1.03 


Phosphoric acid, 


.40 


Lime, 


.76 


Magnesia, 


.79 


Sulphuric acid. 


1.66 = .63 Sulphur. 


Potash, 


.20 


Soda, 


.14 


Silica and insoluble silicates, 


7.77 


Combined water. 


- 9.62 



101.00 

The air-dried ore lost 3.40 per cent, of moisture, at 212°. 

The gypsum and sulphate of lime contained in the fissures of this 
ore is very likely to contaminate the product with sulphur, to a great- 
er or less degree. 

No. 433 — Limestone. Labeled "Limestone used as a flux at Laurel 
Furnace, from Tygerfs creek, Greenup county, Ky.^'' 
A compact, light grey limestone; sparkling with small crystals of 
calcarious spar. 

Specific gravity, - - - - 2.699 

Composition, dried at 212° F. — 

Carbonate of lime, - - - 97.90 == 64.93 per cent, of Lime. 
Carbonate of magnesia, - - .74 
Alumina, oxide of iron ,and 

phosphates, ... .63 

Potash, .28 

Soda, .08 

^lex and iusoluble silicatea, - 1-27 

100.60 
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The air dried rock lobt 0.30 per cent, of molshirc, at 212^ F. 

Nil. 432 — Fkr ROC.: NO us Limestone Ltihcled '^Fi'miginou^ Limestone, 
viidcr the hmc^tovc ore, tiear the tops of the hills, 'waters of Old town 
creek, Lcnird Fvinace, Greervp tovnly, Ky.'" 
A dark grey, fine giannlar rock; portions dull browui^li andgreen- 

ihli; ('Xtcriur surface oehreous; not adliLring to the tongue; powder 

ol' a light grey color. 

Specific gvavil}', ... . . 2.7.31 

Compdn'uion, dried at 212° F. — 

1 1.82 per cent, of Iron. 



Carlioniitc of iron, 


22.19) 


Oxide of iron, 


i.-igf 


Carbonate of lime. 


- 50 33 


Carbonale of magnesia, - 


1.83 


Caibonale of maiigHnesc, 


.47 


.Alumina, 


.77 


Pliosplioric acid, 


.77 


Sulphur, . . - 


.26 


Potasli, . - - . 


.38 


So<la, 


.20 


Sikx and insoluble silicates, 


- 21.43 



100,12 

The air-dried rockiest 0.30 per cent, of moisture, at 212°. 

If it ttxre not for the phocphoric acid and the sulphur present in this 
limestone, it might ad\Rnlagioutly replace the preceding limestone as 
a flux in the high furnace. It is more fusible aud contains a consider- 
able per centage of iron. 

No. 294 — Mixed Careonaie and Oxide of Iron. Labeled ''Baker 
Bank ludiujj Ore, near lop of hills, Old-loivn creek, Laurel Furnace, 
Greenup county, EyP 

Nodule in the interior of the imPs dark grey carbonate of iron; 
Ecarcely adhering to the tongue ; exterior irregulMr layers yellowish- 
brown and dark reddish-brown ; adhering to the tocguej powder of 
the mixed epecimeu, duty browiiish-yellow. 



CHEMTCAL REPORT OF GEOLOGICAL SURVEY. 189 

Composition of the mixeil mass, dried at 212° F — 

'I = 47.61 pei- cent, of Iron. 



CHi-bonate of iron, - 




5-1, "12 


Oxide (if iron, 


- 


30.24 


Carbonate of lime. 


- 


.45 


Carbonaie of maanesia, 


- 


.83 


Carbonate of manganese, 


- 


1.29 


Alumina, 


- 


1.86 


Pbospliuric acid. 


- 


.43 


Snlpluir, 




.35 


Putasll, 


- 


.38 


Snda, 




.20 


Silcx and inpoliible silicates, 


- 


G.97 


Bil;uminiius matter, water, 


and 




loss. 


. 


2.58 



100.00 

The air dried ore lost O.iiO per cent, of moisture at 21 2°. 

This ore is as rich as is desiivible for profitable smelting, requiring 
the addition of lime, and prol;ably of some more silicious ore, to pro- 
duce a proper amount of cinder. 

No. 43 1 — LiMoxiTE. Labeled "Ore, partlij ronstecl,from Laurel Fur' 
nucc ore hanks, Greenup county, Ky!''' {What is the tvhitc mivi- 
eraU) 

A dark reddish-brown miner.il, incrusted on the exterior and in the 
fissures with a whitish substance, which nppcars to be priiicifially car- 
bonate of lime; adhering strongly to the tongue; powder of chocolate- 
browu color; contains no protoxide of iron. 

Composition, dried at 222° F. — 

52.17 per cent, of Iron. 



Oxide of iron. 


- 


- 


- 74.50 


Alumina, 


- 


- 


1.00 


Brown oxide of mangi 


inese. 


- 2.43 


Carbonate of lime, 




- 


.77 


Magnesia, 


- 


- 


- 1.81 


Phosphoric acid. 


- 


- 


.33 


Sulpiiur, 


- 


- 


.67 


Potash, - 


- 


- 


.16 


Soda, - 


- 


- 


.13 


Cnmbined water, 


- 




- 3.86 


Silex and inaolublte eilicat^s, 


- 14.93 



100.00 

The air-dried ore lost 1.70 per uent. of tnoisiun at 212' 
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No. 430 — LiMONiTE. Labeled '■'■Lower led of ore used at Laurel Fur- 
nace, Greenup county, Ky^^ 
A concretionary limonite, with irregular cavities, varying, in layers, 
from dark-brown and compact to yellow and reddish soft mineral ; 
powder of a dirty yellowish ochre color. 

Composition, dried at 212° F. — 

.87 per cent, of Iron. 



Oxide of iron, 


- 38.38 = 


Alumina, 


3.64 


Brown oxide of manganese. 


1.23 


Phosphoric acid, 


- 1.01 


Sulphur, 


.05 


Lime, a trace. 




Magnesia, 


.60 


Potash, 


.28 


Soda, 


.18 


Silex and insoluble silicates. 


- 46.83 


Combined water. 


- 8.12 



100.22 

The air-dried ore lost 1.50 per cent, of moisture at 212°. 

The only drawback to the use of this highly silicious ore is in the 
considerable amount of phosphoric acid which it contains— rather more 
than one per cent. — which, if it passed mainly into the iron in smelting, 
as it generally does, unless an excess of lime is used in the flux, would 
contaminate it with nearly 1.76 per cent, of phosphorus, an ingredi- 
ent which is always injurious to the strength of the iron, even in as 
small proportion as the half of one per cent. 

Were it not for the phosphoric acid contained in it, this highly sili- 
cious ore might be very advantageously used ia mixture with the richer 
ores of Laurel Furnace ; but when pure and very tough iron is requir- 
ed such ores as this must be avoided, although the metal which they 
yield is yet applicable to many common uses. 

No. 290 — LnioxiTE. {Roasted.) Labeled '-Kidney ore, showing a 
prismatic structure only after thorough roasting, Laurel Furnace, 
Greenup county, KyP 
Powder dull brownish-red color; structure somewhat like that of 

starch; in irregular curved prisms; color chocolate-brown; adhering 

strongly to the tongue. 



CHEMICAL REPORT OP GEOLOGICAL SURVEY. 191 

66.02 per cent, of Iron. 



Composition, dried at 212° F. — 




Oxide of iron, 


80.03 


Alumina, 


1.44 


Brown oxide of manganese, 


2.03 


Phosphoric acid, 


.66 


Lime, 


.64 


Magnesia, 


2.87 


Potash, 


.25 


Soda. 


.16 


Silex and insoluble silicates. 


9.93 


Combined water, - 


- 2.01 



100.02 

The air-dried ore lost 0.80 per cent, of moisture at 212° F. 
No sulphur was present in this specimen of roasted ore. 

No. 291 — LiMONiTE. "Labeled "Main Block Ore, near tops of hills, 
Old-touii creek. Laurel Furnace, Greenup count//, Ky." 
A dark, reddish-brown ore, nearly black in parts; adheres slightly 
to the tongue; powder brownish-red. 

3.018 
61.75 per cent, of Iron. 



Specific gravity, 




Composition, dried at 212° F. — 




Oxide of iron. 


- 73.90 


Alumina, ... 


1.71 


Brown oxide of manganese. 


1.13 


Phosphoric acid. 


.62 


Sulphur, 


.09 


Lime, a trace. 




Magnesia, 


.39 


Potash, 


.19 


Soda, 


.05 


Silex and insoluble silicates. 


10.43 


Combined water. 


11.51 



100.02 

The air-dried ore lost 1.90 per cent, of moisture at 212°. 

No. 292 — Labeled "Kidney Ore, over the Ferruginous Limestone in the 
hills, Old-totvn creek. Laurel Furnace, Greenup county, Ky.''^ 
Color yellowish, reddish, and reddish-brown; containing nodules, ir- 
regular cavities, and layers of different degrees of hardness; adhering 
to the tongue ; powder of a dull red color, or spanish-brown color. 
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Specific gravity, 




3.406 


Composition, dried at 212° F.— 






0.\ide of iron, 


81.40 = 


67. per cent, oi Iron. 


Alumina, 


.77 




Brown oxide of manganese. 


1.63 




Phosphoric acid. 


.24 




Sulphur, 


.07 




Lime, a trace. 






Magnesia, 


.35 




Potash, 


.26 




Soda, - 


.22 




Siiex and insoluble silicates, 


- 8.33 




Combined water. 


- 6.72 




Loss, 


.01 





100.00 

The air-dried ore lost 1.90 per cent, of vioisture at 212°. 

This apptars to be the purest ore used at Laurel Furnace. It con- 
tains rather too small a proportion of the miterials for the forniiition of 
citider to be profitably smelted with lime alone. The addition of" the 
ferruginous limestone, No. 43-', would exactl}^ supply this desidera- 
tum; but would, also, render the iron less pure, in consequence of 
the phosphorus and sulphur which it contains. The use of as large 
an excess ol' lime as can be worked, without making the cinder too 
pastey, is the best means of obviating this disadvantage. 

No. 435 — Pig-iron. Labeled ''Mediiun textured Pig-iron, produced 

frequentlg at Laurel Furnace tvhen pumice-form slag is formed, 

Greenup county, Kg. {Does it contain much sidphnrV) 

A moderately fine-grained, grey, pig-iron, with brilliant grains; it 

flattens somewhat under the hammer, but soon crushes to powder; 

yields easily to the file. 

Specific gravity, - - .... 7.009 

Composidun — 

Iron, 90.00 

Graphite .... 1 •''^l Total carbon, 2.67 per cent. 

Combined carbon, - - .9u) 

Silicnn, 4.28 

Slag, 1..6 

Aluminium, . - - . .13 

Calcium, - - - - .14 

jnesium, - • • - .21 
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Potassium, - - - .17 

Sodium, - - • - .14 

Phosphorus, - - - .61 

Sulphur, - - - - .12 

Manganese, .... .33 

Loss, .05 



100.00 
No. 434 — PiG-iRON. Labeled "Soft, but not very strong tough pig-iron, 
produced at Laurel Furnace when making chiefly dark purple slag, 
Greenup county, Ky." {Does it contain much sulphur?) 
Somewhat coarser-grained, and a little lighter colored, than the preced- 
ing (No. 435;) breaks and crushes to powder quite easily under the 
hammer; yields readily to the file. 

Speci6c gravity, 6.886 



Total carbon, 2.03 per cent. 



Composition — 






Iron, 


. 


- 89.54 


Graphite, 


. 


- 1.8?: 


Combined carbon, - 


.16! 


Silicon, - 


. - . 


- 6.67 


Slag. - 


- 


1.25 


Aluminum, 


. 


.13 


Calcium, 


- 


.19 


Magnesium, 


. 


.20 


Potassium, 


. 


.17 


Sodium, 


. 


.11 


Phosphorus, 


- 


.46 


Sulphur, 


- 


.10 


Manganese, 


- 


.64 



10Q.29 
These specimens of iron do not contain enough sulphur to cause 
any serious injury to the quality of the metal; the phosphorus, it is 
true, rather exceeds that proportion, but the principal cause of the 
want of strength observed in this product is in the large quantity of 
silicon which is found in jt, especially in pig-iron No. 434, which ap- 
pears to have been produced at a higher temperature in the furnace 
than No. 435. Whether this contamination, which results from the 
silicious nature of the ores used at Laurel Furnace, or from q, too high 
temperature in the melting, may be prevented by the use of more lime- 
stone in the flux, cannot be positively stated, as none of the cinder 
produced at the furnace was sent to the laboratory for analysis. But 
26 
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it is probable that more limestone could be advantageously added. 
The admixture of some aluminous ores, also, would doubtless improve 
the quality of the iron. 

Difference of opinion has existed amongst writers on iron as to the 
influence exerted upon it by silicon. Whilst Berzelins and Stromeyer 
did not find it materially to injure the qualities of the iron, in their 
experiments, other observers, as Boussingault, ^lushet, and Karsten, 
are positive in the assertion that its presence in considerable propor- 
tion — less than that in the above specimens from Laurel Furnace — 
makes the iron cold-short, or, in other words, diminishes its toughness 
at the ordinary temperature, whilst it also diminishes its specific grav- 
ity. Below the proportion of 0.40 per cent, it is believed to increase 
the firmness of the iron in the same manner as carbon, but above that 
proportion it acts on the qualities of this metal in the manner of phos- 
phorus. Indeed, Mushet, who was a practical iron man, who experi- 
mented extensively on this metal, believes that the cold-short property 
of iron is generally owing to the presence of an excess of silicon. 

No. 440 — Carbonate of Iron. Labeled "Grey ore, above the red ore, 
and next to the top-hill ore, Mmmt Savage Furnace, Greenup county, 
Kyr 

A light-grey, granular ore; on the exterior changed to yellowish 
and reddish brown; powder (of mixed portions of the interior and ex- 
terior,) of a light cinnamon color. 
Composition, dried at 212° F. — 

\ = 36.02 per cent, of Iron. 



Carbonate of iron, 


43.90; 


Ozide of iron. 


23.06! 


Carbonate of lime, - 


3.87 


Carbonate of magnesia, 


3.28 


Carbonate of manganese. 


.66 


Alumina, 


.33 


Phosphoric acid. 


.23 


Sulphur, 


.18 


Potash, 


.23 


Soda, 


.23 


Silex and insoluble silicates, 


- 22.16 


Combined water. 


2.60 



100.71 
The air-dried ore lost 0.70 per cent, of moisture, at 212° F. 
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No. 441-^LiMONiTE. Labeled "SiUcious? ore, Mount Savagi Furnace, 

Greenup county, Ky.^^ 
A dull, granular limonite; generally of a dark, brownish-red color; 
portions ochreous; containing a few minute scales of mica; adheres to 
the tongue; powder dull brownish-red. 
Composition, dried at 212° F. — 

35.78 per cent, of Iron. 



Oxide of iron, 


61.10 


Alumina, 


1.07 


Brown oxide of manganese. 


1.83 


Phosphoric acid, 


.76 


Sulphur, 


.32 


Lime, a trace. 




Magnesia, ... 


.68 


Potash, . . . ' 


.38 


Soda, 


.10 


Silex and insoluble silicates. 


35.93 


Combined water, 


- 8.13 



100.30 

The air-dried ore lost 1.60 per cent, of moisture, at 212° F. 

No. 442 — LiMONrTE. Labeled ^'Limestone ore, Mount Savage Furnace, 

Greenup county, Ky^ 

A very dark-brown ore; made up of dense irregular layers, inclos- 
ing irregular cavities of various sizes; sometimes coated with ochre- 
ous; scarcely adhering to the tongue; powder yellowish-brown. 

Composition, dried at 212° F. — 

58.70 per cent, of Iron. 



Oxide of iron. 


- 83.83 


Alumina, . . - 


.43 


Brown oxide of manganese. 


1.73 


Phosphoric acid. 


.94 


Sulphur, 


.21 


Lime, only a trace. 




Magnesia, ... 


.32 


Potash, - - . - 


.30 


Soda, . . - 


.11 


Silex and insoluble silicates. 


.83 


Combined water. 


11.30 



100.00 

The air-dried ore lost 0.70 per cent of moisture, at 212° F. 



196 CHEMICAL KEPORT OF GEOLOGICAL SURYET. 

A remarkably pure limonite, containing scarcely anything but hy- 
drated per-oxide of iron, although called limestone ore at the Furnace. 
As it contains scarcely any of the materials for the formation of cin- 
der, it must be smelted together with other ores containing a larger 
proportion of earthy matters. 

No. 443 — Carbonate of Iron. Laheled "Blue Block Ore, 31ount 
Savage Furnace, Greenup county, Ky. {Lies lotvest in the hills.^^) 
A dull dark-grey, fine granular rock, with a few specks of calcareous 

spar ; scarcely adhering to the tongue ; powder light-grey. 

Specific gravity, 3.360 

Composition, dried at 212° F. — 

Carbonate of iron, - . - 67.50) oo ,o i t j ^ 

' l == 33.12 per cent, of JroTi. 

Oxide of iron, - - - 1.28) 

Carbonate of lime, - - 2. IS 

Carbonate of magnesia, - - 4.57 

Carbonate of manganese, - 1.18 

Alumina, .... .35 

Phosphoric acid, ... .36 

Sulphur, - - - - .17 

Potash, .29 

Soda, .09 

Silica and insoluble silicates, - 21.45 

Loss, - - <• - - .61 



100.00 



No. 444 — Mixed Limonite. Labeled "Kidney ore, top of the rough 
block ore, Mount Savage Furnace, Greenup county, Ky." 

A dull-grey, friable nucleus, enclosed in hard layers of blackish- 
brown limonite. Powder of the mixture of a y«Uowish-brown, or 
Bcotch-snufif color. 



' 49,r39 per cent, of Ikth. 



Composition, dried at 212° F. — 




Oxide of iron. 


- 63.44 


Carbonate of iroti, - 


- 24.79 


Carbonate of lime, - 


.87 


Carbonate of magnesia, - 
Carbonate of manganese, 
Alumina, ... 


.62 

J. 44 

.09 


Phosphoric acid, 
SulphuritJ Bqid, 
Pbitash, 


- 1.26 

.11 

. .^4 
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Soda, - . . . 


.08 


Silex and insoluble silicates, 


- 9.93 


Combined water. 


- 6.89 


Loss, - . . . 


.14 



100.00 

The air-dried ore lost 1.00 per cent, of moisture, at 212° F. 
Contains rather a larger proportion of phosphoric acid than is desir- 
able, but otherwise, a very good ore. 

No. 445 — Impure Carbonate OF Iron. Labeled '^Blue Limestone ore, 
deep in the ltd, {with sulphur?,) Mount Savage Furnace, Greenup 
county, Ky." 

A dull, granular mineral ; general color brownish-grey, with a green- 
ish tint in portions, and in others presenting the appearance of pyrites; 
powder dark-greenish-grey. 

Specific gravity, . . - - . - 3.567 

Composition, dried at 212° F. — 

Carbonate of iron, . - - 47.84) =*■ 41.63 per cent, of /rora. 

Sulphuretof iron, - - 3l.6uf ==» 11.51 per cent, of Sulphur. 

Carbonate of lime, - - - 3.25 

Carbonate of magnesia, - - 3.65 

Carbonate of manganese, - 6.00 

Alumina, .... .55 

Phosphoric acid, only a trace. 

Potash, .34 

Soda, .08 

Silica and insoluble silicates, - 4.75 

Organic matter, water, and loss, 1.94 

100.00 
The air-dried ore lost 0.30 per cent, of moisture at 212° F. 
This ore contains entirely too much sulphur. A considerable pro- 
portion of it may, however, be removed by thorough roasting. 

No. 446. LiMONiTE. Labeled "Best quality of ^rough block ore^ un- 
der the ^Kidney ore,' Mount Savage Furnace, Greenup county, Ken- 
tuclcyP 
A dense, very dark-brown limonite; not adhering to the tongue; 

exhibiting small cavities and minute spaugles of miea ; the curved 
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layers are covered with brownish-ochreous, soft, mineral; powder brown* 
ish-yellow. 



Composition, dried at 212° F. — 






Oxide of iron, 


- 66.76 = 


46.75 per cent, of Iron. 


Alumina, 


1.00 




Brown oxide of manganese, 


1.23 




Phosphoric acid. 


1.41 




Sulphur, a trace. 






Lime, a trace. 






Magnesia, 


.26 




Potash, 


.34 




Soda, a trace. 






Silex and insoluble silicates. 


17.87 




Combined water, 


11.69 





100.46 

The air-dried ore lost 1.60 per cent, of moisture, fit 212"". 
Its proportion of phosphoric acid is considerable. 

No. 422 — LiMONiTE. Labeled "Boasted Kidney ore, rather sandy, Car- 
oline Furnace, Greenup county, Ky." 
Composed of dark reddish-brown layers, enclosing a friable light 
reddish colored nucleus; adhering to the tongue; powder handsome 
spanish-brown color. 



Composition, dried at 212° F. 








Oxide of iron. 


- 


66.03 = 


46.24 per cent of Iron. 


Alumina, 


- 


4.15 




Brown oxide of manganese. 




.65 




Lime, a (race. 








Magnesia, 




.76 




Phosphoric acid. 




.67 




Sulphur, 




.06 




Potash, .... 




.46 




Soda, .... 




.11 




Silex and insoluble silicates, 




27.15 




Combined water, 




.71 





100.65 

The air-dried ore lost 0.70 per cent, of moisture at 212°. 

No. 423— Iron Furnace Slag. Labeled ''What is the heavy bluish 
granular material in this 3l(ig,from Caroline Furnace, Greenup coun- 
ty, KyV 
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The granular, nearly opake portion is of steel bluish-grey and pink- 
ish colors, contained in the purple glassy slag. Before the blow-pipe 
both kinds readily melt into a blebby white glass. 
Composition — 

Granular. Oxygen. 



Silica, 


- 


- 


48.80 




25.338 


Lime, 




- 


33.27 


9.461 




Alumina, 


- 




12.50 


4.843 




Magnesia, 




- 


1.24 


.495 




Protoxide of 


iron, 


- 


1.19 


.265 




Protoxide of 


manganese. 


- 


.51 


.115 




Potash, 


. 




1.62 


.275 




Soda, 


" ■ ■ 




.18 


.046 






99.13 


15.499: 


25.338 


Oxygen in the bases to that in the 


sili 


ica as 


1: 


1.63 


Composition — 






Glassy. 


Oxygen. 




Silica, 


. 




48.86 




26.369 


Lime, 


. 


- 


33.05 


9.398 




Alumina, 


- 


- 


12.86 


6.011 




Magnesia, 


- 




2.74 


1.095 




Protoxide of 


iron, 




1.13 


.251 




Protoxide of 


manganese. 


- 


.61 


.115 




Potash, 


- 


- 


1.64 


.262 




Soda, 


. 




.15 


.038 





100.85 16.169:25.369 

Oxygen in the bases to that in the silica as - 1 : 1.57 

No marked difference of composition can be perceived by the analy- 
ses of these two varieties of cinder. The granular appearance and 
change of color were occasioned probably by some irregularity in the 
cooling of the slag. This cinder contains a larger proportion of lime 
than is necessary to form a bi-silicate — at least one-third more than is 
usually present in the Greenup Furnace slags. This excess of lime 
may exert a purifying influence on the iron produced from ores con- 
taining much sulphur, but does not increase the fusibility of the 
cinder. 
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No. 424 — LiMONiTE. Labeled "Limestone Kidney ore, also associated 
with the four-feet Limestone, Caroline Furnace, Greenup county, 
Kentucky.^'' 

Composed of dark brown curved layers, incrusted with dirty yellow- 
ish and whitish friable matter; powder of a brownish-buff color. 

Composition, dried at 212° F. — 

63.60 = 44.54 per cent of Iron. 



Oxide of iron, 


- 63.60 


Alumina, 


.25 


Brown oxide of manganese, 


.55 


Phosphoric acid, 


.70 


Sulphur, 


.06 


Lime, a trace. 




Magnesia, 


.99 


Potash, 


.25 


Soda, - - . - 


.05 


Silica and insoluble silicates, 


- 2323 


Combined water, and loss, 


- 10.77 



100.45 

The air-dried ore lost 1.30 per cent, of moisture,a.t 212° F. 

No. 425 — LiMONiTE. Labeled "ffydrated variety of Limestone ore, 
over the four-feet Limestone, Caroline Furnace, Greenup county, 
Kentucky^ 

A dark-brown limonite, in dense layers, irregularly disposed, involv- 
ing some small irregular cavities, and covered, in some parts, with a 
yellow-ochreous soft mineral; powder of a yellowish umber color; 
when calcined of a purplish-brown color. 
Composition, dried at 212" F. — 

Oxide of iron, - - - 85.91 = 60.16 per cent, of /rore. 

Alumina, - . 1.25 

Brown oxide of manganese, - 2.17 

Phosphoric acid, ... _o9 

Carbonate of lime, - - .17 

Magnesia, .... 35 

Potash, - ... .23 

Soda, - - - . .18 

Silex and insoluble silicates, - 1.25 

Combined water, - - 7.90 



100.00 

The air-dried ore lost 1.60 per cent of moisture at 212' 



CHEMICAL REPORT OF QEOLOSICAL SORVEV. 201 

A very pure iron ore, containing more than the usual proportion of 
oxide of manganese, and which must be mixed with poorer ores in or- 
der to be profitably fluxed in the furnace. 

No. 426 — Ferruginous Limestone. Labeled "Bottom portion of Lime- 
stone Ore; not considered as good as the red; Caroline Furnace, 
Greenup county, Ky-^ 

Irregular portions of compact tawny-brown ferruginous limestone, 
showing some glimmering crystals of calcareous spar, with friable yel- 
lowish and whitish incrusting and included ochreous matter; powder 
of a grey -buff color; when calcined of a light umber color. 

Composition, dried at 212° F. — 

Oxide of iron, - - - 25 80 = 18.06 per cent, oi Iron. 

Carbonate of lime, - - 65.1.3 = 36.65 per cent, of Zt'me. 

Magnesia, - - - - 1.41 

Brown oxide of manganese, - .17 

Alumina, - - - .13 

Phosphoric acid, - - - .17 

Potash, - - - .11 

Soda, - - - .06 

Silex and insoluble silicates, - 1.27 

Carbonic acid & combined water, 6.75 



100.00 

The air-dried rock lost .60 percent, of moisture at 212°. 

This mineral may be profitably mixed with the richer silicious ores 
of this locality, for smelting, instead of the limestone generally used 
as a flux. 

No. 427 — Ferruginous Limestone. Labeled ''-Four feet Limestone, 
under the Limestone Ore, Caroline Furnace, Greenup county, 
Kentucky.'''' 

A fine grained limestone, glimmering with small plates of calcareous 
spar, and containing fossil remains; grey, with a portion of a light- 
grey buff color; powder light yellowish-grey. 



26 
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Specific gravity, - - - 2.729 

Composilion, dried at 212° F. — 

Carbonate of lime, . . - . - . - 

Sulphate of lime, .... . . 

Carbonate of magnesia, - - 

Carbonate of manganese, 

Carbonate of iron. 

Oxide of iron, - - ... 

Alumina, --. .... 

Phosphoric acidj ...... 

Potabh, - ..... . . 

Soda, .......... 

Silex and insoluble silicates, ..... 



The air-dried rock lost 0.30 per cent, of moisture at 212° F. 



84.47 


.71 


3.47 


.26 


7.73 


1.77 


.25 


.62 


.32 


.14 


.65 



100.29 



No. 428 — Lbionite. Labeled "Roasted Limestone Ore, Caroline Fur- 
nace, Greenup county, Kyy 
Interior of a purplish-brown color; exterior (incrustation) of a dir- 
ty light-red, including to pink; friable; adhering firmly to the tongue; 
powder of a handsome maroon color. 
Composition, dried at 212° F. — 

84.45 == 69.14 per cent, of Iron. 



Oxide of iron. 


- 84.45 


Alumina, ... 


1.20 


Brown oxide of manganese, 


.09 


Phosphoric acid. 
Sulphur, 


,38 
.06 


Magnesia, 


- 1.43 


Potash, 


.44 


Soda, 


.10 


Silica and insoluble silicates, 


- 9.05 


Combined water and loss. 


- 2.80 



100.00 

. The ore lost .90 per cent, of moisture, at 212°. 
This specimen contains no appreciable quantity of lime. 

No. 429— LmoNiiE. Labeled "Top-hill Kidney Ore, Caroline Fur- 
nace, Greenup county, Ky." 
Formed of irregular curved layers, inclosing cavities; interior of the 
layers dense and dark reddish-brown; exterior coating friable and yel- 
low (ochreous;) powder of a rich brownish-yellow color; when calcined 
of a Spanish-brown color. 
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Composition, dried at 212° F. — 








Oxide of iron, 


- 


69.60 = 


48.74 per cent, of Iron. 


Alumina, 


■ 


.65 




Brown oxide of manganese. 


. 


.75 




Pho-iphoric acid. 


. 


.42 




Sulphur, ... 


- 


.07 




Lime, a trace. 








Magnesia, 


- 


.35 




Potash, - - . . 


. 


.42 




Soda, 


. 


.01 




Silex and insoluble silicates, 


. 


15.65 




Combined water and loss. 


- 


12.18 





100.00 

The air-dried ore lost 0.50 per cent, of moisture, at 212°. 
A very good ore, requiring no other flux than limestone. 

No. 299 — LiiioNiTE. Labeled "Good red-bro2vn 'Limestone Ore,^ uw 
der the four feet Limestone, Caroline Furnace, Greenup county, 
Kentucky.'''' 
A dark, reddish-brown, dull, fine granular ore; glimmering with 

minute facets of spar; adhering to the tongue; powder of a light 

spanish-brown color ; when calcined of a dark snuff color. 

Composition, dried at 212° F. — 



Oxide of iron. 




63.46 = 37.44 per cent, of Ire 


Alumina, a trace. 






Brown oxide of manganese. 




.85 


Phosphoric acid, 




.87 


Sulphur, 




.02 


Carbonate of lime, 




33.85 = 19. per cent, of Lime. 


Magnesia, 




3.15 


Potash, _ - ,^ _-, ,- , 




.23 


Soda, - - - " - 




.07 


Silex and insoluble silicates. 




1.05 


Combined water and loss, 




6 45 



100.00 

The air-dried ore lost .80 per cent, of moisture at 212°. 

This ore, which is rich enough in iron for profit lole smelting, con- 
tains, like No. 42G, an excess of lime and a deficiency of silica; this, 
however, contains twice as much iron as that. This ore eould, no doubt, 
be advantageously used in mixture with the "Limestone Kidney Ore," 
No. 424, which is rich ia siUm, and eoalains no a|>pi:eciable cLuautily 
of limo. 
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No. 300 — Capbonate OF Iron. Labeled '-Blue Limestone Ore^^ Caro' 
line Furnace, Greenup county, Ky. 
A dark-grey, fine granular mineral ; not adhering to the tongue; 
portions and fissures dirty yellowish and broivnish; under the lens ex- 
hibits minute crystalline scales and specks of mica; some little white 
incrustation in the fissures; powder brownish-cinnamon color. 

- 3.666 



43.82 percent, of Iron. 



Specific gravity, 


- 


Composition, di-ied at 212° F. — 




Carbonate of iron, - 


- 60.40 


Oxide of iron, 


- 21.38 


Carbonate of lime. 


- 3.17 


Carbonate of magnesia, 


- 3.46 


Carbonate of manganese, 


- 1.52 


Alumina, ... 


.65 


Pho.'iphoric acid. 


.63 


Sulphur, a trace. 




Potash, - - - . 


.40 


Soda, - - 


.13 


Silex and insoluble silicates. 


- 6.03 


Combined water and loss, 


- 2 23 



100.00 

The air-dried ore lost 1.00 per cent, of moisture, at 212°. 

No. 436 — LiMONiTE. Lahcled "Red ore of Iron, divide bettveen Ty- 
gerts and Kinch creeks, Kenton Furnace, Greenup county, Ky.'" 
A dull, frinble, fine granular limonite, of a dark-purple-brown color, 
(like that of crocus martis); adhering to the tongue; powder of the 
eame color; when calcined nearly black. 
Composition, dried at 212° F. — 

61.68 per cent, of iro». 



Oxide of iron, 


- 


- 88.51 


Alumina, 


- 


.15 


Brown oxide of 


manganese. 


1.95 


Phosphoric acid, 


- 


.19 


Sulphur, 


- 


.03 


Lime, a trace. 






Magnesia, 


- 


.78 


Potash, 


- 


.09 


Soda, - 


. 


.17 


Silex and insoluble silicates. 


- 2.23 


Combined \fater. 


- 


- 6.00 



lOQJO, 
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The air-dried ore lost 1.80 per cent, of moisture, at 212 F. 
A pretty pure hydrated oxide of iron, requiring for smelting an ad- 
mixture of the materials for the production of cinder. 

No. 437r — Ltmonite. Labeled "Limestone Ore, near the head of Gras- 
sy creek, Kenton Furnace, Greenup county, Ky." 
A dull, dark-brown mineral, mixed with ochreous matter in the cav- 
ities and between the layers; powder of a light-clove-brown color. 

Composition, dried at 212° F. — 

66.14 per cent, of Iron. 



Oxide of iron. 


- 80.20 


Alumina, 


.47 


Brown oxide of manganese. 


.06 


Phosphoric acid, 


.86 


Magnesia, 


.61 


Potash, 


.48 


Soda, 


.02 


Silex and insoluble silicates. 


- 6.46 


Combined water, and loss, 


11.31 



100.36 

The air-dried ore lost 1. per cent, of moisture at 212° F. 

Nearly as rich in iron as the preceding, and like that, containing in 
itself too small a proportion of earthy materials for the formation of a 
sufficient quantity of slag in the furnace. 

No. 438 — LiMONiTE. Labeled "Earthy variety of 'Block Ore,' Kenton 
Furnace, Greenup coimty, Ky." 
A dull, dark-brown ore, in curved layers, inclosing friable, brownish- 
yellow ochreous matter; powder dirty light-yellowish-brown. 

Cpmposition, dried at 212° F.^ 

L 36.06 per cent, of ^an.. 



Oxide of iron, 


- 


- 49 90 


Alumina, 


- 


- 7.00 


Brown oxide of manganese 


.27 


Phosphoric acid, 


- 


- 1.45 


Carbonate of lime, 


- 


- 8.06 


Magnesia, 


- 


- 419 


Potash, - 


- 


.41 


Silex and insoluble silicates. 


- 19.15 


Combined water. 


- 


- 9.61 



100.03. 

The aiivdried ore lost 1.20 per cent, of mmsime, at 212° E. 
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This ore, with the only drawback of the considerable proportion of 
phosphoric acid which it contains, could be profitably smelted with the 
addition of a very little more lime, or could be employed to great ad- 
vantage in mixture with the other richer ores of Kenton Furnace, to 
furnish the ingredients for the formation of cinder, in which they are 
deficient. 

No. 439 — LiMONiTE. Labeled '\BlacJc Limestone Ore; resting on the 
limestone, Iienion Furnace, Greenup county, KyP 
Dull; almost blaclc, with a slight reddish tint; showing a few mi- 
nute glimmerings of spar; having a somewhat prismatic structure; 
adhering slightly to the tongue ; powder darli brown, nearly black ; 
calcined powder nearly blacl?;. 

Composition, dried at 212° F. — 

Oxide of iron, - - 73.34 = 51.36 per cent, of /ron. 

Brown oxide of manganese, - 9.41 

Alumina, .... .27 

Phosphoric acid, - - - .^Q 

Carbonate of lime, - 1.27 

Magnesia, ^ . . . .83 

Potash, .40 

Soda, .03 

Silex and insoluble silicates, - 4.55 

Combined water and loss, ■ 9.64 



100.00 

The air-dried ore lost 2.00 per cent, of moisture at 212° F. 

This mineral owes its dark color, and its property of becoming 
darker on calcinfition, to the presence of a large proportion of oxide 
of manganese. This ingredient in the ore is generally supposed to ' 
cause the production of iron which is the best adapted to the man- 
ufacture of steel. The alloy of manganeoo with iron is believed to 
give it greater flrmness and hardness ; and ohc cdebrabed Swedith 
chemist, Berzelius, slates that the best var'.ui ies of steel owe their good 
qualities partly to the manganese contained in them. It has beou 
fouii.d, however, by the careful experiments of Karaten and otsers, that 
.'iltbongh the ores containing ma;i;;ane3i^ are the be.-^t for the produc- 
tion of iron for m iking steel, yet some of the best specimenc of cast- 
steel obtained from ores couta'aing oxide of manganese, aro destitute 
of thia metal iu any uotable cLuantit^y. 
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In the smelting of manganesic iron ores there is a great tendency 
to the production of hard, brittle, tvUie iron ; not so much because the 
metal manganese, by its combination with the iron, communicates to it 
these qualities, but because the oxide of manganese, forming a very 
fusible slag with the silica in the high furnace, facilitates the reduction 
and fusion of the iron at a comparatively low temperature, and thus, 
incidentally prevents the separation of carbon in the form of graphite, 
which is necessary to the formation of soft grey iron. It thus favors 
the production of a pure hard metal, fitted for the manufacture of 
steel. Grey soft iron can, however, be produced from manganesic iron 
ores, either by increasing the heat in the furnace, or by the addition 
of earthy materials, to counteract the too great fluxing influence of the 
oxide of manganese, and make the cinder less fusible. 

No. 101. {See former report.) Main Ashland coal, above the Clay 
parting, Greenup county, KyP 
This coal, the proximate analysis of which is given on page 318 of 
the previous report, has been submitted to ultimate analysis. The re- 
sult of four several operations is as follows, viz : 
Composition, dried at 212° F. — 

Carbon, .... . . 79.091 

Hydrogen, ... 6.111 

Sulphur, - - - - - .734 

Ashes, .... 4.000 

Oxygen, nitrogen, and loss, ...... ] ] 064 

100.000 

GRAYSON COUNTY. 

No. 408 — LiMONiTE. Labeled '-Iron ore, ascending the table land be- 
tween Caney and Little Cliffy creeks, Grayson county, Ky." 
A dull friable mineral; adhering to the tongue; presenting various 
shades of dull red and yellow, in irregular concentric layers ; powder 
light yellowish-brown. 

Composition, dried at 212° F. — 

Oxide of iron, - - - 63.60 = 44.54 per cent, of /row. 

Alumina, - - - 2.36 

Brown oxide of manganese, - .87 

Phosphoric acid, - - .89 

Carbonate of lime, - - .27 

Magnesia, - • • - 1.22 
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Potash, 


.25 


Silica and insoluble silicates, 


19.15 


Combined water, 


12.02 



100.63 

The air-dried ore lost 1.00 per cent, of moisture, at 212" F. 

No. 456 — Magnesian Limestone. Labeled "Hydraulic Limestone, two 
miles west of Grayson Springs. {Used for grave stones") 
A dull, fine granular, light-grey limestone, with a slight tint of 
greenish; exhibiting a few minute spangles of mica; adhering slight- 
ly to the tongue. 

Specific gravity, . - . - - 2.651 
Composition, dried at 212" F. — 

Carbonate of lime, - - - 46.83 = 26.28 Lime. 

Carbonate of magnesia, - - 26.84-= 12.96 Magnesia. 

Carbonate of iron, - - 3.44 
Brown oxide of manganese, a trace. 

Alumina, - .38 

Phosphoric acid, - .12 

Sulphuric acid, - .33 

Potash, - - - .60 

Soda, .37 

Silica and insoluble silicates, - 20.78 

Loss, - - - - .41 



100.00 

The air-dried rock lost 0.50 per cent, of moisture at 212°. 
The hydraulic properties of this limestone were not tried at the lab- 
oratory. 

HANCOCK COUNTY. 

No. 468 — Coal. Labeled "First bed above the Eawesville main cod, 
under fossiliferous shale, Hancock county, Ky." 
A jet-black coal; specimen tarnished on the surface as though it 
had been exposed to the weather; seperates in thin layers, which show 
some fibrous coal on their surfaces, but no pyrites. 

Specific gravity, - 1.282 

Heated over the spirit-lamp it did not decrepitate; softened and 
swelled somewhat, but the fragments did not agglutinate; burnt with 
a smokey flame, leaving a somewhat cellular coke ; a splint coal. 
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Proximate Analysis. 

„,.',.,, ' [ Total volatile matters, - 41.40 

Volatile combustible matters, 34.90) 

Carbon in the coke, 63.20) t^ , ,.„ „„ 

, , , , , Y Dense coke, 68.60 

Ashes, (grey-purple,) - 6.40J 



100.00 


100.00 


The per centage of sulphur in the undried coal is 0.47. 




The composition of the ashes is as follows: 




Silica, 


1.38 


Alumina, oxide of iron, &c., - ... 


2.78 


Lime, - - - . 


.38 


Magnesia, .... 


.17 


Loss, 


.69 



6.40 

The idtlmate composition of this coal, dried at 212°, was found to 
be as follows: 

Carbon, - - ■■ 73.256 

Hydrogen, 6.155 

Sulphur, - - - .620 

Ashes, 6.600 

Oxygen, nitrogen, and loss, 15.470 



100.000 

Like the splint-coals in general, or the so-called dry coals, this con- 
tains a considerable proportion of oxygen in its composition. The 
proportion of the nitrogen was not ascertained, but it rarely exceeds 
two per cent, in coals. 

No. 619 — Coal. Labeled "Thirty-three inch coal, fifteen feet below the 
surface, in Judge MayhaWs shaft, HancocJc county, Ky." 
A compact coal, having somewhat the appearance of jet; breaking 
with a conchoidal fracture in the direction of the layers; not soiling 
the fingers; some appearance of pyrites, but no fibi*ous coal. Heated 
over the spirit-lamp it softened, swelled up, and agglutinated some- 
what, and left a spongey coke. 

Specific gravity, - .... 1.392 

Proximate Analysis. 
Moisture, - - -• - 3.00) ^^^j ^^^j^^j^^ j^gj,j^j.^_ ^2^^ 
Volatile combustible matters, 39.10) 

27 
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Carbon in tlie coke, 
Ashes, (purple-grey,) 



■ ^^ '^"l Bright, inflated coke, - 57.90 



100.00 


2.99 


9.23 


.24 


.04 



100.00 

The ashes were found to consist of 

Silica, - - . - . . - 

Alumina, oxide of iron, &c., - 

Magnesia, ... - - 

Trace of lime and loss, 

12.60 

As the ashes contain but a very small proportion of magnesia, and 
only a trace of lime, they will require quite a high temperature to fuse 
them into clinker. 

Submitted to uUimate unuhjsis this coal gave the following results, 
dried at 212° F., viz: 

Carbon, - - - - 63.436 

Hydrogen, ... - - - 4.622 

Sulphur. - - - - 6.866 

Ashes, - - .... 13.600 

Oxj'gen, nitrogen, and loss, ... - 12.476 

100.000 

The large proportion of sulphur and of earthy matter in this coal 
are serious drawbacks on its value. It is probable, however, that the 
coal may vary as to both these ingredients in other parts of the bed. 

No. 520 — Coal. Labeled '•^Out-erop of coal on Mr. Pate's land, one 
and a half miles nortk-tvest of the house, on the Ilardinsburg road, 
Hancock coimhj. Ay 

A dull looking, very friable coal, presenting the appearance of 
having been much weathered ; surfaces and seams covered with ochre- 
ous incruGlation; tome fibrous coal between the layers, but no appo.'U- 
ance o! pyiiteG. Over the spirit-lanip it sv»'elled up so'.p.ewhat, burnt 
with a i-mokey flame, but the fragments did not agglutinate} probably 
not a coking cual. 

Spteilic j^vaviiy, . l.S&G 

Proximate Analysis. 

,,,.,,.,, „ > I otal volatile maLters, - 4C.10 

Voluule cambustiBle matters, -. J9.1j\.') 



^ CHEMICAL REPORT OF QEOLOaiCAL SURVEY. 211 

Carbon in the coke, - 61.40) ■,, 

■ ,,,,, y Dense coke, - - 63.90 
Ashes, (red-brown,) - - 2.60) 

100.00 100.00 
The analysis of the ashes is as follows : 

Silica, - - - . . - 0.49 

Alumina, oxide of iron, &c., 1.70 

Lime, .30 

Magnesia, - - ..... .lo 



2.69 

The ultimate composition of this coal was found to be as follows, 
dried at 212° F: 

Carbon, - . . 75 328 

Hydrogen, ... . . . 6.600 

Sulphur, - - .890 

Ashes, - - ... ... 2.300 

Oxygen, nitrogen, and loss, ... 15.882 



100.000 



No. 243 — Coal. Labeled ^^Breckinridge Cannel Coal, Hancock coun- 

ty, Ky:' 

This interesting coal, of which the results of some proximate analy- 
ses by Dr. Owen, are given on page 177 of his former report, has been 
submitted to new examinations in this laboratory. Dull black, with 
a satiny lustre on the cross fracture; very tough, breaking with great 
difQculty; cleaving into thin layers; does not soil the fingers; consid- 
erable appearance of fine particles of pyrites, but no fibrous coal be- 
tween the layers. Over the spirit-lamp burns with a yellow smokey 
flame; the fragments soften a little, but do not swell, alter their form 
much, nor agglutinate; powder brownish black. 

Specific gravity, - - 1.318 

On repeating the proximate analysis of this coal the following re- 
sults were obtained, viz: 

^^°'^'"'"«' - ■ '-^^l Total volatile matter. 65.70 



Volatile combustible matters, - 64.40 
Carbon in the coke, - 32 

Ashes, (umber colored,) 



^^■°°l Scarcely coherent coke, 44.30 
12.30) 



100.00 100.00 
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On examining different portions of the mass, a large piece about five 
inches thick, which had been sent for analysis, a considerable difference 
as to the proportion of ashes, &c., was found to exist — for example: 
the proportion of total volatile matters was found to vary from 55.70 
to as high as 71.70 per cent; of coke from 28.30 to 44.30; and of 
ashes from 7. to 12.30 per cent., in the undried coal. 

The per centage of sulphur ascertained on one specimen was 2.443 
in the air-dried coal. 

The composition of the ashes is as follows: 
Silica, - - 3.49 

Alumina and oxide of iron, - 7.78 

Lime, . - . .65 

Magnesia, - - - '39 

12.21 

By ultimate analysis this coal was found to contain 

Carbon, 68.128 

Hydrogen, 6.489 

Sulphur, 2.476 

Nitrogen, 2.274 

Oxygen and loss, - 5.833 

AsLee, 14.800 



100.000 
It will be seen, on making the comparison, that this coal contains a 
larger proportion of hydrogen and less oxygen than any other of the 
Kentucky coals hitherto examined. The only other coal which ap- 
proaches it in this respect is the cannel coal from Haddock's mine, 
Owsley county, (which see,) which resembles it also in yielding, by 
destructive distillation, a notable quantity of oils and wax-like matter. 
There are few coals in the world, so far as yet reported in the journals 
and works of science, which equal these coals in these characteristics. 
One of the most noted of these is the Boghead Cannel Coal of Scot- 
land, used extensively for the production of Benzole, illuminating and 
Inbricating oils, and Paraffine; of which, for the sake of comparison, 
we append the ultimate composition, as quoted in Liebig and Kopps 
JahreslericU for 1851, S. 733, from Russell's analysis: 
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Ultimate Composition of the Bcffkcad Coal, of Scotland. 

Carbon, - 65.34 

Hydrogen, - 9.12 

Sulphur, 0.15 

Nitrogen, 0.71 

Ox3'gen, 6.46 

Aslies, 18.68 



99.46 
While the Boghead coal contains a larger proportion of ashes than 
the Breckinridge coal, the latter contains a much larger quantity of 
both sidplmr and nitrogen. The Boghead coal also excels this greatly 
in its proportion of hydrogen to the carbon, approaching thus more 
nearly than that to the nature of the bitumens. Indeed, the question 
has been mooted in Europe whether this and similar minerals are stone 
coals or real bitumens; and Geuther* has decided, from the nature of 
the products of distillation, and of the ashes of the Boghead coal, as 
well as by its microscopic analysis, that it is simply a bituminous shale 
or slate. 

Abstracting the ashes and sulphur, the composition of the Breckin- 
ridge and Boghead coals compare as follows: 

Breckinridge Coal. Boghead Coal. 

Carbon, 82.355 80.487 

Hydrogen, 7.844 11.235 

Nitrogen, - 2.749 .874 

Oxygen, - 7.051 6.726 

By means of the tables which will be appended to the end of this 
report, a comparison of the composition of the Kentucky coals can be 
made. 

Eight different trials were made of the distillation of the Breckin- 
ridge coal for the production of oils, &c. The operation was generally 
performed in an iron retort, gradually heated to a moderate red-heat; 
the products were collected by means of a series of receivers and a 
graduated bell glass over water to measure the gas obtained. The 
first receiver was usually kept at a temperature of from 260° to 285° 
F., by means of a chloride of calcium bath; the second receiver was 
kept in boiling water; the third was simply exposed to the ordinary 
temperature of the room, and the last was enveloped with ice, or a mix- 

•Liebig and Kopp's Jnhresberiolit for 1855,. S. 896. 
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ture of ice and salt; the g'is, before it was collected, was generally 
passed through pot:ish, or wash bottles containing HN'drochluric acid, 
solution of Arsenious acid, and lasic acetate of lead, severally. Under 
these circams!ances it was found that a slow gradual application of 
the heat favored the production of the oily products, and diminished 
the relative amount of gas. 

The first receiver contained a dark -brown tarry product, which be- 
came a soft solid on cooling; the second and third receivers contained 
thinner oils of a light brown color, floating on a strong ammoniacal 
water, which contained much sulphuret of ammonium, and some lit- 
tle sulphocyanide of ammonium; whilst the last receiver, which was 
cooled with ice, condensed a clear light-yellow volatile oil — princi- 
pally Benzole — and besides ammoniacal water, contained limped crys- 
tals of bi-carbonate of ammonia. The arsenical and lead solutions 
showed the presence of abundance of sulphuretted hydrogen, and con- 
siderable carbonic acid; and the gas collected had pretty high illumi- 
nating powers. 

Examined by Dr. Ellett's process — by the action of Bromine vapor 
— some of the gas was found to contain as much as 9. per cent, of 
olefiant gas and hydrocarbon vapors. 

The products which were separated by this process of fradiond 
distillation were not so pure as to induce us to recommend it to the man- 
ufacturer on a large scale, for the reason, probably, that some of the 
more fixed oils were carried forward into the latter receivers in the se- 
ries, by the mechanical action of the gas, which was continually pass- 
ing through them; yet the use of a series of receivers may facilitate 
the subsequent processes for purification. The clear, bright-yellowish, 
thin, oily matter which passed into the fourth rocciver, became gradu- 
ally brownish after exjiosure for a few days to the light, after the man- 
ner of imperfectly purified Benzole. These products have not as yet 
been analyzed to a<cevlain the relative proportions of Paraffinc, 
Eupione, Benzoic, 4'c., '•^i'-; they are, indeed, of a very complex na- 
ture, containing, besides several neutral hydrocarljons, a number of or- 
ganic I ases and acids. When collected together in one cooled receiv- 
er they ajipf ar as a fluid dark-colored "cmde oiV 

This "crude oil," which is produced at the Breckinridge coal and 
oil company's works, near Cloverporfc, in the quantity of about G,000 
gallons per week, is manufactured by distillation and purification into 
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various commercial products : as, the Benzole, which, from ifs vo'atili- 
ty and combustibility, is employed, mixed with alcohol, as a burning 
fluiil, or used in the form ol' vapor as a substitute for common illumi- 
nating gas ; Naptha employed as a solvent for Caoutchouc, Gutta Per- 
cha, &c.; illiiminat'nnj and lubricating oila as good I'or these purposes as 
spermaceti oil ; Paraffiii, a substance resembling sperm iceti, obtained 
from the coal in the proportion of only about one per cent., used for 
burning in the form of candles, and for giving a finish to some kind of 
leather ; and a residuary black substance used as asphaltum. 

This new manufacture, in view of the increasing scarcity of sperma- 
ceti oil, is of very great value to the whole country, and will probably 
be expanded to a great extent. 

It has generally been believed that no other than the Breckinridge 
Cannel Coal could be profitably used, in this country, for this purpose; 
but, doubtless, amongst the Cannel Coals and Bituminous Schists of 
our state, some may be found which may exceed the Haddock's Can- 
nel Coal, and equal the Breckinridge coal in this particular. 

To ascertain whether the proportion of the oily products might be 
increased by the use of sur-htated steam, instead of simple dry-heat 
applied to the coal, an apparatus for the purpose was constructed. The 
coal, introduced in a semi-cylindrical tray, into a tubular iron retort, was 
subjected to the action of steam, which had passed through tubes kept 
heated in the fire — receivers being attached, as above described. The 
results obtained did not, however, show any great advantage of this 
over the simple application of heat to the retort; containing this coal. 
It was, indeed, somewhat difficult to regulate the heat of the tubes, 
and thus it is probable the steam was used at too high a tempera- 
ture in the experiments. The results of the eight operations, as far 
as noted, are as follows, calculated to 1,000 grains of the uadried coal : 
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Kxperimenta. 


Crude oil. 


Amnioni 
acal wa- 
ter. 


Coke. 


Gas. 


Weight of gas, 
loss. 


and 


1st, 


334.10 


66.10 


4K8.7 


465. cubic inches. 


131.1 grains. 




2nd, coal dried at 600°, 


290.U0 


43 50 


470. 


425.cubicinches, 


196.5 




3i-d, 


400. 


460. 


— 


140. 




4th, 


- 


450. 


— 


- 




5ih| very slow, 


348.80 37..50 


471. 


— 


142.7 




6th, - 


300. 61.30 


437. 


— 


201.2 




7th, with steam. 


427.5 


41->. 


— 


160.5 




8th, 






464. 
455. 


— 






Average, 


318.2 


52.10 


445. 


161.8 



This average yield of crude oil corresponds nearly with that given 
by Dr. Owen in his former report, as the result of his experiments, and 
veriUcfr the extraordinary fact that this singular coal, when submitted 
to slow distillation below a bright-red heat, will give almost one-third 
of its weight of oily mutters, besides yielding more than 45. per cent. 
of coke, and good illuminating gas in the proportion of nearly two 
cubic feet to the avoirdupois pound. It will be sufficiently near the 
results obtained to sum up the per centage of the products of the 
Breckinridge coal as follows: 



Crude oil, 

Ammoniacal water, - 

Coke, 

Gas and loss, 



32. per cent, 
S.5 per cent. 
46.5 
17. equal 



to 



2227. cubic inches to the pound 



avoirdupois. 



100.0 



In consequence of the large proportion of nitrogen in this coal the 
ammoniacal liquor is unusually strong, and might be used to yield am- 
monia and its salts; it also contains much sulphur, of which the coal 
has a very large amount. The gas which is produced, therefore, has 
a large admixture of sulphuretted hydrogen, and, if used for illuminat- 
ing purposes, must be purified with more than the usual care from this 
injurious and offensive ingredient. But when the object of the man- 
ufacturer is simply to obtain the oily products and the paraffine, the 
gas produced in the operation might be economically used under the 
retorts, or in the processes of re-distillation and purification of these 
products. 

As stated above, the only Kentucky coal hitherto examined, which 
resembles the Breckinridge in its composition, (particularly in its pra- 
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portion of hydrogen,) and its yield of oily products on distillation, is 
the cannel coal from Haddock's mine, Kentucky river. 

The other coals which were submitted to distillation did not yield 
enough of fluid matter to make them at all valuable for this purpose. 

Under this head, for convenience of reference, I will give the compar- 
ative results obtained from the several coals examined, including a good 
specimen of Pennsylvania coal, (Youghiogheny coal,) used by the 
Lexington gas company as the best adapted to their purposes. 



Coals. 


Crude oils. 


Ammonia 
cal water. 


Coke. 


Gas, (cubic inches.) 


Breckinridge cannel. 


3H.20 


52.10 


455. 


1 445. good. 


Haddock's cannel, 


248.50 


54.50 


.589. 


' 370. very good. 


Union Company's coal, bottom part, 


148. 


38. 


750. 


465. very good. 


Mul ford's five-foot, or Main coal, 


136.50 


64,75 


684. 


567. very good. 


Robert's, or Muddy river coal, 


1112.10 


119.80 


659.50 


370. good. 


Ice house coal, 


108. 


7.S. 


714. 


465. verv good. 


Youghiogheny coal, 


136. 


52. 


710. 


545. very good. 



These results are calculated to 1,000 grains of each of the coals in 
the air-dried condition. 

The low temperature at which the distillation was carried on is un- 
favorable to the production of much gas, as is proved by the fact, that 
in the ordinary course of the manuficture of illuminating gas, from 
the Youghiogheny coal, fully twice as much is obtained from it as was 
procured in our slower process. But as all these coals were submit- 
ted, as nearly as possible, to the same temperature, in the above de- 
scribed experiments, it is believed that the relative proportions and 
quality of the gas obtained from them would hold good also under 
conditions of heat more favorable for the formation of gaseous pro- 
ducts. If this be true, the Mulford's main coal, and the Ice-house 
coal, and Union Company's coal, will prove to be as good, or marly 
as good, for gas and coke as the best Pennsylvania bituminous coal; 
but with the drawback that they contain a larger proportion of sul- 
phur. For the composition of these several coals we refer to their 
descriptions under their appropriate counties. 

HOPKINS COUNTY. 

No. 463 — Co.\L. Labeled "HaWs coal, Clear creek, Hopkins couniy, 

Kentucky y 

A shining pitch-black coal; not very hard; dividing into thin lay- 

ers sepaiated by fibrous coal, on which there were some microscopic^,! 
28 
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appearance of pyrites. Over the spirit-lamp it softened and swelled 
up a good deal, and the fragments became agglutinated into a light 
cellular coke. Probably a coking coal. 

Specific gravity, 1.277 

Proximate Analysis. 

Mo'sture, - 3.20) ,p^^^j volatile matters, - 38.60 

Volatile combustible matters, 35.40) 

Carbon in tbe coke, ^'^ • 2° i Inflated coke, 61.40 

Ashes, (reddish-grey,) - 3.60) 



100.00 




100.00 


The composition of the ashes is as follows: 






Silica, - ... 


- 


1.59 


Alumina and oxide of iron, 




1.68 


Lime, a trace. 






Magnesia, 


- 


.10 


Loss, ... 




.33 




3.60 


The coal, on ultimate anali/sis, dried at 212°, was found to 


contain 


Carbon, - - - - 




75 491 


Hydrogen, - - ..... 


- 


5.1 88 


Sulphur, - - 


- 


1.520 


Oxygen, nitrogen, and loss, 


- 


14.101 


Ashes, ...-.--..- 


- 


3 800 



100.000 

This appears to be quite a good coal, with a small proportion of 
ashes, containing, however, a rather more than an average quantity of 
sulphur. 

No. 465 — Coal. Labeled '-Mr. SrimueVs coal, two and a half feet 
thir/,% Hopkins county, Ky.'''' 
A dull looking coal, with the appearance of having been weather- 
ed; separating easily into thin layers; oxide of iron, as from decom- 
posed pyrites, on the surfaces of the seams. Over the spirit-lamp it 
decrepitates, and burns with a smokey flame; some of the fragments 
soften and swell a little, but most of them retain their original form; 
coke easily burnt to ashes ; a splint coal. 

Specific gravity, ... . j 422 

Proximate Analysis. 
Moisture, - - - 6.1 

Volatile combustible matters, 



,' [ Total volatile matters, 33.40 

3.40) 
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le coke, 
Ashes, (reddish-grey,) 



Carbon in the coke, - - 63.50) n -i / ^ u * \ co m 

} Coke, (not adherent,) - 66.00 

100 00 100.00 



The ashes were found to be composed of 

Silica, 7.19 

Alumina and oxide of iron, ....... 568 

Lime, ........... ,05 

Magnesia, .06 

Loss, - - - - - - - - - . . .12 

13.10 
The iiJtimaU composition of this co:il, dried at 212°, is as follows: 

Carbon, ... 66.000 

Hydrogen, .......... 4.244 

Sulphur, - .820 

Oxygen, nitrogen, and loss, - - - 13 436 

Ashes, - - 15 500 

100 000 
The large proportion of earthy matter in this coal considerably di- 
minishes its value; but, as the ashes contain but very small quantities 
of lime and magnesia, they will not be likely to fuse into clinker, ex- 
cept at an ex 'eedingly high temperature. The specimen examined 
appeared to have been taken from the out-crop of the coal; it is possi- 
ble that the interior portion may be more pure, although it is likely to 
contain rather more sulphur. 

No. 13-5 — Coal. Labeled "WrigMs Ilountain Coal, Townes and 
Kirkwell, Hopkins county, Ki/.'''' 
This coal, of which the description and proximate analysis are given 
on page 339 of the former report, has been submitted to ultimate analy- 
sis with the following results, viz : 

Carbon, - - .... 77.400 

Hydrogen, - ........ 4999 

Sulphur, .,.....-.. *1 060 

Nitrogen, ■-.... 1.620 

Oxygen and loss, 12.521 

A.hesp 2 400 

lOO.OOOr 
•Erroneously printed in the former report 0.106. 
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JEFFERSON COUNXy. 

No. 521 — I-Ldraulic Ldies.toxe (U:;i;uknt.) "From ilie Falls of the 
Ohio river cd^ Louisville, Jefferson coimlij, Ky."" 
A greenish-gre5% dull, fine granular limestone; adheres slightly to 
the tongue; powder light-gvey. 

Composition, dried at 212° F. — 

Ciiibonale of lime, 50.43 = 28 29 Lime. 

Carbonate of maynesia, - 18.67 = 8.89 Magnesia. 
Alumina, and oxides of iron and 

manganese, ... 2.93 

Pho-pliorio acid, - - .06 

Sulphuric acid, - - 1.S8 

Potashr - • .32 

Soda, ... .13 

f Silica, .... 22.68 

Silica and insoluble silicates, 25.78 \ Alumina colored ^.iih ox- 

ide of iron, - - 2.88 

\ Lime, magnesia & loss, .32 



Loss, - - .10)' 



25.78 



100.00 j 
I 

The air-dried rock lost .70 per cent, of moisture, at 212° F. 

The analysis of this well-known water-lime will serve for compari- 
son with that of other limestones supposed to possess Ivjdreadic quali- 
ties. 

No. 522 — Soil. Labeled "Virffin S-hI, from E. B. O'Bannon'sfurm, 
O^Bi/nnon''s station, ovei'li/iiic/ eelhdar magnesian lime^lone, of the 
Ujiper iSiliDi'an Formation, tevelvc miles from Loidsvtlle, Jefferson 
county, Kji''' 

Dried soil of a grey-brown color; some small rounded particles of 
iron ore noticed in it. As this and the following soils were received 
just before this report was made up there was not time for digestion in 
water containing carbonic acid, to ascertain the relative amount of mat- 
ters soluble in that menstruum; they were therefore submitted to or- 
dinary analysis, dried at 370 F. 

The composition of this soil is as follows; 
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Organic and volatile matters, - - - 7.996 

Alumina, and oxides of iron and manganese, - - 7.480 

Carbonate of lime, - - . .394 

Magnesia. - ... . . . .240 

Phosphoric acid, - - .205 

Sulphuric acid, ... . .082 

Potash, ... . .200 

Soda, - - . . - .043 

Sand and insoluble silicates, - - - 83.134 

Loss, - - .226 



100.000 



The air-dried soil lost 4.42 per cent, of moisture at 370°. 

No. 523 — Soil. Labeled'-^ Soil from an old field, over cellular magne- 
sian Uinestone of the Upper Silurian Formation, vhieh lies from six 
to twelve feet heneath the surface. Has been from twenty-five to thir- 
ty years in cultivation; E. B. WBannon's farm, {Would it he a 
good soil for the cultivation of the grapeiy 

Color of the dried soil light greyish-brown; lighter than the preced- 
ing. 

Composition, dried at 400° F. — 

Organic and volatde matters, - - 4.606 

Alumina, and oxides of iron and manganese, - - 6.240 

Carbonate of lime, .316 

Magnesia, - - - .200 

Phosphoric acid, - - .191 

Sulphuric acid, .067 

Potash, - - - - .168 

Soda, ... . . . . .070 

Sand and insoluble silicates, - - 88.318 



100.000 
The air-dried soil lost 2.80 per cent, of moisture, at 400° F. 
By comparison of the two preceding analyses it will be seen what 
the soil, which has been in cultivation for twenty-five to thirty years, 
has lost of its original value: First. It has lost organic and volatile 
matters, which is evinced also in its lighter color, and in the smaller 
quantity of moisture which it is capable of holding at the ordinary 
temperature, but which was driven off at the heat of 400°. These 
organic matters absorb and retain moisture with great power. Besides 
the uoarishmeut which organic matters in' the boU give directly to veg- 
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etables, by their gradual decomposition and change, these substances 
also greatly increase the solubility of the earthy and saline ingredi- 
ents in the soil, which are necessary to vegetable growth. Second. 
It has lost some of every mineral ingredient of the soil ivhich enters in- 
to ike vcgeluhh composition: as lime, magnesia, oxide of iron, phosphoric 
acid, sul[)hur, and the alkalies. The only apparent exception to this 
is in the greater proportion of soda in the old soil than in the virgin 
soil. This increase may have been occasioned by the ordinary free use 
of s lit on the farm, and its transfer to the cultivated field by the ani- 
mals feeding on it. It will be seen, in the third place, that the propor- 
of alnmnui and oxide if iron to the sand and sitifutes is smaller in the 
soil of the old field than in the virgin soil, cultivation having, perhaps, 
favored the washing down into the sub-soil those ingredients which are 
the mo-t readily transported by water. To renovate this field to its 
original state would i', quire the application of ordinar\' barn-3 ard ma- 
nure, which contains all the ingredients which have been removed from 
it except tl e alumina, and oxides of iron and manganese- To supply 
these, if it be deemed dci^iiable, the red sub-soil found on the trashed 
slopes of the old field, presently to be described, would answer very 
well, applied as a top dressing; but the immediate sub-soil, next to be 
described, does not, by its analy:=is, promise to be of any service in this 
or in any other respect. 

Would this he a good soil for the cidlivalion of the grape'? If it has 
suftJcient drainage to prevent the habitual lodgement of water in the 
sub-soil, there is nothing in the composition of the soil to forbid its use 
for this purpose. The soil which will produce good Indian corn will 
generally produce the grape. The vine requires for its growth, and 
the production of its fruit, precisely the same mineral ingredients which 
are necessary to every other crop which miy be produced on the soil, 
differing in this respect from them only in the proportion of these sev- 
ral ingredients. The juice of the grape contains a considerable pro- 
portion of potash, much of which is deposited in the wine- cask, after 
fermentation, ia the form of tartar, (acid tartrate of potash,) and which 
must be supplied to the growing vine from the soil to enable it to pro- 
duce the grape. It has hence been generally believed that vineyard 
culture tends speedily to exhaust the soil of its alkalies, unless they 
are habitually re-applied in manures. This is true in regard to every 
gtpenGio'^ which ia icarried off the ground; .as hay, .turnips, potatoes, 
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and especially tobacco, and the fruits of the orchard; whilst the 
Indian corn and other grains carry off less of the alkalies they also re- 
quire and remove them in considerable proportion; and Boussingault, 
of France, has arrived at the conclusion, from his experiments on his 
vineyard of 170 acres, in Alsace, that the grape does not remove any 
more of the valuable mineral subl^tances from the soil, annually, than 
the ordinary grain and root crops. 

The following tabular view of his results, from an equal surface of 
ground to each crop, is given in Liebig and Kopp's Jakresbericht fur 
1850. 





Potash Soda. 


Lime. 


iMagne.'iia 


Phospho- 


Sulphuric 


Removed by — 


1 






ric acid 


acid. 


(Wine, 


1 I h-i 


O.l.S 


17.4S 


3H1 


(1.66 


1 113 


The vine. <Uu>ks, 


12.117 


0.13 


■A.hQ 


0.72 


:^..')(l 


1.77 


(■jmall wood, 


4 64 


- 


0.51 


(1.95 


2.27 


0.5;} 


Total, 


2S.24 


0.26 


21 49 


.5..5S 


12 4.1 


3.:(2 


PotiltOCS, 


107 1 






2't.w 




Buets 


1.51.0 






2(14 


_ 


VV heat with straw, 


4 


■j.'j 






:i2 1.U 


- 



The leaves of the vine were not taken into the estimation, because 
they fall and decay on the soil. 

The quantity of grape-juice produced, per acre, is greater in this 
county than that obtained in the vineyards of France, but in the 
above figures, if they are to be taken .is correct data, there is a wide 
margin for increase. The great reputation of Boussingnult as an accu- 
rate analyst and observer must be the guarantee of their correctness. In 
corroboration of those facts are the more recent analyses, by Berthier, 
of the fruit and wine, stems, and leaves of the vine, showing that the 
great demand made upon the soil for alkali is not so much for the grapes, 
but for growth of the ivood and the leaves, so that, if these are net re- 
moved, the crop does not prove inordinately exhaustive. 

To return to the two comparative soil analyses. The difference be- 
tween the proportions, of the valuable ingredients of the two above 
stated, may seem quite unimportant on a superficial examination, but 
when we apply these differences to the more than three millions of 
pounds of soil which are contained in an acre of ground, calculated on- 
ly to the depth of one foot, we may see their significance. Thus the 
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the iiotash in the virgin soil is in proportion of 0.200 per cent., and in 
the soil of the old field in that of 0.158. This proportion gives six thou- 
sand -pound i of potash to the acre of earth, one foot deep, in the new 
soil, and four Ihousand seven hundred and forty pounds only into the 
old, showing, that if the old soil was originallj' like the neighboring 
virgin soil, it has lost, amongst other ingredients, as much as one thou- 
sand two hundred and sixty pounds of potash from the acre, within 
one foot of the surface only. To restore to it this amount of alkali 
alone would require the application of a large amount of ordinary 
manure. 

No. 524 — Sub-soil. Labeled '^Sub-soil, seven to twelve inches under 
the surface, old field tiveuty-five to thirty years in cxdtivation, over cel- 
lular maynesian limestone of the Lower Silurian Formation, E. B. 
O^Bannons farm, Jefferson county, Ky." 
Color of the dried soil light greyish-brown. 

Composition, dried at 400° F 

Organic and volatile matters, ...... 2.844 

Alumina, and oxides of iron and manganese, - - ,■ 6.335 

Carbonate of lime, - .... .256 

Magnesia, . . . _226 

Phosphoric acid, - . . , . .099 

Sulphuric acid, - . . . .ogg 

Potash, . jgi 

Soda, - .028 

Sand and insoluble silicates, . . 89. QUO 

Loss, . Q^g 



100.000 

The air-dried sub-soil lost 2.98 per cent of woistvrc at 400° F. 

By the examination of this upper sub-toil it does not appear that 
any of the valuable ingredients of the surface-soil have lodged in it. 
It cont.iins, it is true, mom potash, and has less organic matter, but in 
other respects does not materially differ from the upper soil. A 
greater difference may be seen in the deeper sub-soil, the analysis of 
which will next be given. 

No. 525— Sub-?oil. Laljckd ''Bed sub-soil, on the washed slopes of an 
old field, found almost universally a few feet under the surface, E. B. 
O'Bannon's farm, Jeffernon comity, Ky." 
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Color of the dried soil light brick-red; it contains some small nod- 
ules of iron ore. 
Composition, dried at 400° F. — 

OrgKiiic and volalilu matters, 3112 

Alumina, and oxides of iron and manganese, - . . - 17.020 

Carbonate of lime, - ... ... .194 

Miignesia, .366 

Phosphoric acid, ......... .497 

Sulpliuric acid, .088 

Potash, .297 

Soda, - - . - . . . ■ . . . •Ill 

Sind and insoluble silicates, 77.'l'i4 

Loss, .881 

100.000 

The air-dried suh-soil lost 3. CO per cent, of moisture, at 400'^ F. 

No. 52 n — Soil. Labeled ^^ Soil from a poor point of old field, ivhere 
gravel iron ore prevails, E. B. G' Bannons farm, Jefferson county, 
Kyr 

Color of the dried soil rather lighter than that of the preceding ; 

soft pebbles of iron ore, very dark in appearmce when broken. 

Oompontiijn, dried at 380° F. — 

Organic and volntile matters, - - 4.390 

Alumina, and oxides of iron and manganese, .... 11.84J 

Carbonate of lime, .236 

Magnesia, .216 

Phosphoric acid, - - - - .126 

Sulphuric acid, - - - - - - - - - .109 

Potash, .239 

Soda, .043 

Sand and insoluble silicates, ....... 82.694 

Loss, .458 

100.000 
The air-dried soil lost 3.9 1 per cent, of moisture at 380° F. 
The cause of the unproducl;iv.;ne!5s of this soil lies more in the state 
of aggregation than the composition, as shown by the chemical analy- 
sis. The V luable ingredients necessary to vegetable growth are con- 
tained in it in at le 1st as large proportions as in the earth from the other 
portions of the field; but in this there is doubtless a larger quavtiiy 
of them locked up in the pebbles of so-called iron ore, which the fibres 
S9 
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of the vegetable roots cannot penetrate. If, by any means, these were 
to be disintegrated or pulverised, the soil would doubtless be rendered 
more fertile. Doubtless if these several soils had been digested in the 
carbonated water this one would have given up much less of soluble 
extract to that menstruum than the others. The iron gravel, diffused 
through this soil, has been also submitted to analysis. 

No. 527 — Fereuginous Gravel. Labeled ^^Gravel of Iron Ore, dis- 
semhuded in the sub-soil over cellular magneslan limestone, E. B. 
O'Bannons farm, Jefferson eoimtij, Ky^ 

Irregular tuberculated lumps, from the size of a large hickory nut 
down to that of a mustard seed; easily broken; fracture showing a 
general dark appearance, like that of peroxide of manganese; some of 
the lumps presented some included lighter earthy matter like clay; 
powder of a snuff-brown color. It dissolved in hydrochloric acid with 
the escape of chlorine. It contained no protoxide of iron, but much 
oxide of manganese. 
Composition, dried at 212° F. — 

Oxide of iron and alumina, - . 33.90 

Brown oxide of manganese, - ... , 4 gg 

Carbonate of lime, - ...... ,53 

Carbonate of magnesia, ... . . 1.22 

Alkalies and acids not estimated. 

Silex and insoluble silicates, - - 68.18 

Combined water, ... 8.20 

Loss, - - - ... 1.64 



100.00 
Dried at 212° it lost 2.80 per cent, of moisture. 

No. 528 — Lbiestone. Labeled "-CelMar {Magnesian'?) Limestone, 
found (dwut six to ten feet under the surface of the ground, where the 
preceding soils were collected, O'Bannon^s farm, Jefferson county, 
Ky. Upper Silurian Formation^ 

A light-grey, friable cellular rock, layers and cavities covered with 
minute crystals. 
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Composition, dried at 212° F. — 

Carbonate of lime, - - 60.76 = 28.49 Lime. 

Carbonate of magnesia, - 45.00 
Alumina, oxides of iron and 

manganese, and phosphates, 1.78 

Sulphuric acid, - - • .04 

Potash, - - .21 

Soda, .35 

Silex and insoluble silicates, - 2.48 

100.62 
The air-dried rock lost 0.20 per cent, of moisture at 212°. 

No. 529 — Soil. Labeled ''Virgin soil, over compact magnesian huild- 
ing stone of the Upper Silurian Formation, White Oak ridge, at 
Pleasant Grove meeting house, Wni. Galey''s farm, Jefferson county, 
Ky. {This soil is considered not mure than one half as productive as 
that over the cellular magnesian limestone.^') 
Dried soil of a dirty grey-buff color. 

Gumposilion, dried at 400° F. — 

Organic and volatile matters, - - 3 761 

Alumina and oxides of iron and manganese, 6.952 

Carbonate of lime, - - - ■ - - • .156 

Magnesia, . - . ...... .240 

Pliosphorie acid, ------.-. ,088 

Sulphuric acid, -.--.--.. .3J0 

Potash, .177 

Soda, .0.'31 

Silex and insoluble silicates, 88.294 

100.039 
The air-dried soil lost 3.22 per cent, of moisture at 400°. 
Contains less organic matters, phosphoric acid, and alkalies, and a 

larger proportion of sand and silicates, than the soil over the cellular 

magnesian limestone. 

No. 530 — Limestone. Labeled ''Magnesian Building Stone, found un- 
der the preceding soil, Upper Silurian Formation, same locality as 
the last, f/ifferson county, Ky." 
A fine grained, light-grey limestone; weathered surfaces having a 

buff discoloration, with peroxide of iron; under the lens appears to be 

made up of a mass of pure crystalline grains. 
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Composition, dried Ht2I2° F. — 

ChilionaliMif lime, - - 56.36 = 31.62 of Z/we. 

Ciiibonnte "f magnesia, - - 37.07 
Alumina, oxides of iron and 

ninniranese, atid i'lio>pliates, 1.28 
Sul|,liuric acid, a Uace. 

Potash, .33 

Soda, .35 

Sik'X and insoluble silicates, - 6.G8 



101 07 

The air-clrierl rock lost 0.10 per cent, of moiMure. at 212"^. 

This is prolably a very dunble stone; and, in consequence of 
its vtry slow disinttgratioii, can communicate very little soluble mater- 
ial to the soil above it. It resembles a good dud, in composition, the 
mngnesian building stone from Grimes' quarry, in Fayette county, 
nbich is remarkable for its great duiabiiity amongst (he rocks of that 
region. 

L,\UREL COUNTY. 

No. 40G — Tmp0ee Cabbonate of Iron. Labeled '•'Iron Ore, Whiie 
Oak, Laurel cuunlif, Kij., from General Jackson. {Exu)nine for 
other metals.'''') 

A dark-grey, fine granular mineial, showing minute spangles of 
mica, and some incrustation, in piirts, with sulphate of lime; weath- 
ered surface of yellowish and reddish-lrowu color. 

Specific gravity, - - - - - - -3.126 

Compodtion, dried at 212° F. — 

Carbonate of iron, - - - 32 29) ,n,r. ^ r r 

_ . , , . [•= 19.10 percent, of Iron. 

O.xide of non, - - - 6 0l) '^ 

Carbonate of lime, • . . 2.95 

Carbonate of' magnesia, . .. 3.60 

Carbonate pf manganese, - .64 

Alumina, .... 1.55 

Phosphoric acid, ... J.OO 

PoUsh, - - - . - .42 

Soda, .01 

Silex and insoluble silicates, - 61.55 

Organic matter and loss, - .98 

100.00 

The air-dried mineral lost 0.30 per cent, of moialurc, at 212". 
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Contains too small a proportion of iron to be profitable smelted 
alone. 

No. 410 — Carbonate of Iron. Labeled ^'Iron Ore, Cra'gs creek, 
Laurel count//, Ej. {Examine for other metals.''^) 
A dense, dark-grey, fine granular rock; exhibiting some minute 
spangles of mica ; wtathered surface dark-reddish and yellowish-brown; 
powder grey. 

- 3.395 



Specific gravi(j, 


- 


Composition, diied al 212° F. — 




Caibona'e of iion, - 


- 68.46 


Oxidf of iron. 


3.41 


Carbonnte of lime, - 


.75 


CarbonKle of magnesia, - 


3 73 


Cfivbonate of manganese, 


1.31 


Alumina, ... 


l.-)3 


Phospliorio acid, 


- ■ .52 


Potash, 


.3t 


Soda, - . , . 


.07 


Organic matter. 


.79 


Silex and insoluble silicates, 


- 19 65 



V = 35.46 per cent, of Iron. 



100.46 
The air-dried ore lost 0.40 per cent, of moisture at 212°. 
A vtry good iron ore, which could be rendily smelted, after roast- 
ing, by the aid of the ordiiiaiy flux of limestone. 

No. ■iW — Capbonate of Iron. Labeled "Iron Ore, tivo and a half 
m'les from 3Ir. Ilargafs, Robinson creek, Laurel couniij, Ey. {^Ex- 
amine for other metah.'''') 

A dark-grey, dull, fine granular ore, with a shining mineral resem- 
bling zinc blend or brown s[ar, filling some of the small fissures; not 
adhering to the tongue; powder yellowish-grey. 

' 5,353 

33.05 per cent, of Jron, 



Specific gravity. 


- 


Composition, dried at 212° F. — 




Carbonate of iron, - 


. 66 01) 


Oxide of iron. 


- 2.67^ 


Carbonate of lime, 


- 6.85 


Carbonate of magnesia, - 


- 9.19 


Carbonate of manganese. 


.86 


Alumina, ... 


.35 


Phosphoric acid. 


.63 
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Potasli, - - - - .34 

Soda, - .33 

Silex and insoluble silicates, 12.68 

Traces of sulphur, zinc, & loss, 1.09 



100.00 

The air-dried ore lost 0.40 per cent, of moisture at 212°. 

Resembling the preceding, but containing rather less silica and 
more carbonates of lime and magnesia. This ore would require little 
or no limestone to flux it; and would most probably yield its iron 
with facility, without any addition. 

No. 224 — Soil. Labeled "Suil of Laurel count//, Kentucky, derived 
from the arg'llaceous shale and soft sandstone, near the base of the 
Coal MeaMircs, above the Conglomerate and near the base of the 3Iu- 
riatiferous grouped 

Color of the dried soil dark-grey ; sifted through a seive, having 
one hundred and sixty-nine apertures to the inch, it left about one- 
eighth of its weight of fragments of soft reddish and dark-brown 
ferruginous sandstone. The finer portion, carefully washed with wa- 
ter, left about 42. per cent, of sand, of which all but about 5.5 per 
cent, w.ts fine enough to pass through the finest bolting-cloth. The 
coarser portion was found, by the lens, to consist principally of round- 
ed and fl. it I'lagments of ferruginous sandstone. One thoufand grains 
of the air-dried soil, digested for a mouth in water continuing carbon- 
ic acid, gave up nearly two and a half grains of soluble extract, of the 
following composition, dried at 212°: 

Gj-ains. 
Or£;anio and volatile matters, ..... 

Alumina, oxide of iron, and phosphates, 

Lime, ..,--.-- 

Magnesia, ... ... 

Brown oxide of manganese. 

Sulphuric acid, - » - - ... 

Potash, . . T - - - . • . 
Soda, .... .... 

Silica, 



0.710 
.287 
.937 
.066 
.029 
.171 
.067 
.007 
.130 



2.404 

The air-dried soil lost 3.60 per cent of moisture at 400° F. 



CHEMICAL REPORT OF GEOLOaiCAL SURVEY. 231 

Dried at which temperature its composition is as follows: 

Organic and volatile matters, 6.190 

Alumina and oxide of iron, - - - - 8.926 

Oxide of manganese, - - . . .078 

Carbonate of lime, - --.... _]|p 

Magnesia, - - - .280 

Phosphoric acid, - - - .139 

Sulphuric acid, - - - - - - .355 

Potash, - .... .239 

Soda, - - .... .021 

Chlorine, ... . . 0Q9 

Sand and insoluble silicates, - ..... 83.626 

Loss, ..... .. .. Q2J 

100.000 
LAWRENCE COUNTY. 

No. 466 — Coal. Labeled '■'■Mc Henry's big seven feet coal, branch of 
Three Mile creek, over sandstone, betiveen Tug and Loidsa forks of 
Big Sandy river, Lawrence county, KyP 

A moderately soft, glossy -black coal, with some fibrous coal between 
the layers, aud occasionally some pyritous matter, and a little ochre- 
ous incrustation resulting from its decomposition. Heated over the 
spirit-lamp it decrepitated, softened, and swelled up considerably into 
an inflated coke, burning with a smokey yellow flame. A coking 
coal. 

Specific gravity, - 1.326 

Proximate Analysis. 

^'^'"'■®' ■ ^-^^l- Total volatile matters, - 39.60 

Volatile combustible matters, 35 90) 

Carbon in the coke, ^^.^^ I Coke, cellular, 61.50 

Ashes, (lilac colored,) 7.00) 



100.00 100.00 

The composition of the ash is as follows: 

Silica, - - - - 2.18 

Alumina, and oxide of iron, - 4.23 

Lime, - - .08 

Magnesia, - - .28 

Lo.ss, - - .23 

7.00 
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Submitted to ultimate antlysis it gave the following recults: 

Carbon, 72. CSS 

Hydrogen, - - - ... . e, ^^^ 

Siilpliur, ... ... . ] 753 

Oxygen, nitrogen, and loss, .... . 13084 

Ashes, - - - 7. -100 



100 000 



No. 4C9 — Coal. Labeled "Keener s coal, three to four feel tJvck, three 
m'les above Terman\s Fcrr//, Big Sanchj river, Lwvrenee counlij, Kij^ 
A shining pitch-black coal; not very h ml; br.aki ig into thin 1 ly- 
ers; fibrous coal, with pyritous matter, evident by the lens, between 
the layers, and some uffloresenca of sulphate of iron. Over the srjirit- 
lamp it softens, and the fragments agglutinate and swell into a moder- 
ately dense cellular coke; it does not decrepitate much. 

Specific gravity, - - .... 1.358 

Proximate Analysis. 

V Total volatile raatters, - 37.80 

V Dense coke, . - 62.20 



Moisture, 


- 4 10 


Volatile combustible matters. 


- 33.70 


Carbon in coke. 


- 63 GO, 


Ashes, (light grey,) 


9.20! 



lUU.OO lUO.GO 

The compodlion of the ash of this coal was found to be 

Grairts. 

Sil'c^V 339 

Alumina and oxide of iron, ---... a ,a 

Magne.-ia, - ----.... 10 

Lime, a trace, and loss, ..... „, 



8.40 

On iiUimate analysis this coal gave 

Carbon, ------.... 

Hydrogen, -----...., 

Sulphur, -----..... 

Oxygen, nitrogen, and loss, ---... 
Ashes, 

lUO.OOO 

Both very good coals, with a little more than the average proportion 



70.200 


4.777 


1 470 


13.953 


9 600 



of asbea 
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No. 325 — Ferruginous Limestone. Laheled '^Segregations in the 
creeJc, seven miles helow Millions', {Hoio much Iron?) Big Sandg 
Railroad, Lawrence county, Ky^ 

A dark-grey, fine granular ore, with a dirty-yellowish-brown weath- 
ered surface; resembles a dark colored limestone; powder of a light- 
grey color. 

Composition, dried at 212° F. — 

Carbonate of lime, - - - 60.95 

Carbonate of magnesia, - - 4.63 

Carbonate of iron, - - . - 3.01 

Oxide of iron, - - 4.62 

Alumina, - - - . 1.91 

Phosphoric acid, .36 

Potash, - - - - - - .67 

Soda, .31 

Organic mattefs, ..... . . g.OO 

Silex and insoluble silicates, --..... 32.17 

100.43 
The air-dried mineral lost 0.70 per cent, of moisture at 212°. 

LINCOLN COUNTY. 

No. 531 — Mineral Water. Laheled ''From the Grove Spring, in the 
yard of the proprietor of the Crab Orchard Springs, Mr. Caldwell, 
Lincoln county, Ky^ 

A chalybeate water, which had deposited a little of its oxide of iron 
in the bottle in which it was brought. 

Evaporated to dryness, at 212°, this water left 0.384 of a grain of 
solid residuum to the 1,000 grains of the water. 

The composition of this mineral water was found to be, in 1,000 
grains of the water — 

Carbonate of iron, - - 0.021 ") 

Carbonate of manganese, .005 ; Held in solution in the water. 

Carbonate of lime, - - .196 .J by carbonic add. 

Carbonate of magnesia, - - .041 J 

Sulphate of magnesia, - - .056 

Sulphate of potash, - - .013 
30 
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Chloride of sodium, 


- .013 


Silica, 


.040 


Nitric acid, a trace. 





0.384 

It contained also free carbonic acid, which was not estimated. 

No. 532 — Mineral Waier. Labeled "-From the '■Brown Spring,'' half 
a riule from Crab Orchard, on the Lancaster Turnpike.'''' 
A chalybeate water; it had been partly decomposed, and the oxide 
of iron separated in the bottle during carriage, but its composition 
was ascertained after mixing the sediment fully with the water. One 
thousand grains of the water left 0.442 grains of solid residuum, on 
evaporation to dryness, at 212°. 

The composition of this water was found to be, in one thousand 
grains — 

nate of iron, 0.028 ") 

Held in solution in the water, 
by free carbonic acid. 



Carbonate of iron. 


0.028") 


Carbonate of manganese, 


- .006 


Carbonate of lime, 


- .117 


Carbonate of magnesia, - 


.020 

• 


Sulphate of magnesia, 


.112 


Sulphate of lime, - 


- .015 


Sulphate of potash, 


.028 


Chloride of sodium, 


- .018 


Silica, - . - - 


- .046 


Moisture and loss. 


- .063 



0.442 grs. 

The free carbonic acid, also present, was not estimated. 

No. 533 — Mineral Water. "From the 'Field Sprivg,' on the lot of 
the proprietor of the Crab Orchard Springs, Mr. John H. Caldwell, 
Lincoln county, KyT 

A chalybeate water. A thousand grains of the water contain about 
0.446 of a grain of solid matter, dried at 212°. 

The composition of this mineral water may be thus stated, in one 
thousand grains of the water — 
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Held in solution by carbonic acid. 



Carbonates of iron & manganese. 


0.015 


Carbonate of lime, - 


.139] 


Carbonate of magnesia, - 


.131 


Sulphate of magnesia, 


.066 


Sulphate of soda, 


.024 


Sulphate of potash, 


.022 


Chloride of sodium. 


.008 


Silica, 


.041 



0.446 

The free carbonic acid present was not estimated. 

Whilst these three chalybeate waters each contain about the same 
amount of saline matters, they present some differences in the propor- 
tions of the several ingredients. The "Brown Spring" contains rather 
the largest quantity of carbonate of iron, and the "Field Spring" the 
least. The carbonate of magnesia is in larger amount in the Field 
spring, and the sulphate of magnesia in the Brown spring. The pro- 
portion of carbonate of lime is highest in the Field spring. 

All these waters are good saline chalybeates, and applicable in all 
cases to which such remedies are appropriate. Whether experience 
in the use of the waters from these several wells has exhibited any dif- 
ference in the effects on the system, attributable to the slight differ- 
ences of composition, the writer is not informed. 

By comparing these with the waters from the several chalybeate 
springs at Bryant's springs, near Crab Orchard, to be described further 
on, a considerable analogy of composition will also be observed. 

No. 534 — Mineral Water. Labeled "From Howard's Sulphur Well, 

one and a half miles from Crab Orchard, on the Ml. Vernon road, 

Lincoln county, Ky." 

A white sulphur water; but all the sulphuretted hydrogen had been 
decomposed by carriage. 

Specific gravity, - • 1.00007 

One thousand grains of the water contained 0.164 of a grain of 
solid matter, dried at 212°. 

The compmUon of the water is as Mows, in l,O0p grains: 
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lekl in solution by carbonic acid. 



Carbonate of magnesia, ' - 


0.066, 


Carbonate of lime, 


.013! 


Sulphate of magnesia, - 


.012 


Sulphate of potash. 


.008 


Alumina, and trace of phos- 




phaie. 


.002 


Chloride of sodium. 


.017 


Silica, 


.022 


Moisture and loss. 


.025 



0.164 

It contained also sulphuretted hydrogen and carbonic acid gases- 
amount of which was not estimated. 

The medicinal virtues of the water would depend principally on the 
sulphuretted hydrogen, and on the depurative influence of the water 
taken in considerable quantities; whether the saline ingredients, which 
together amount only to a little more than a grain to the pound avour- 
dupois, are sufficient to extrt much sensible action on the system, is 
somewhat questionable, especially as they are not of a very potent 
nature. This water is, nevertheless, a good weak sulphur water. 

No. 535 — Mineral Water. Labeled "Wafer from '■Epsom Spring,'' 
{Ao. 1) one mile from Crab Onhard, on the Lancasler Turnpike, 
Lincoln couniy, Ky." 

Specific gravity, 1.0041 

One thousand grains evaporated to dryness at 21 1° left 5.428 grains 
of solid saline matter. The water was found, also, to contain a con- 
eiderable amount of free carbonic acid, which was not estimated. 

Composition, in 1,000 grains of the water. 

Grains. 

> Held in eolutibu by carbonic acid. 



Carbonate of lime, - 


■ 0.673: 


Carbonate of magnesia, - 


- .116: 


Carbonate of iron, a trace. 




Sulphate of inagneaia/ 


- 3.4S4 


Sulphate of lime, 


- .203 


Sulphate of potash, 


- .067 


Sulphate of sodttj -^ ^ 


- .774 


Chloride of eodium, 


-• ,081 


@liCa, ■/ ^ . . 


• .060 



d.4Z8 
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No. 53G — Mineral Water. Labeled "Water from the Epsom Spring 
at Foley's, half a mile from the centre of Crab Orchard, on the Fall 
Dick road.''' 

Specific gravity, . 1.0068 

One thousand grains of the water, evaporated to dryness at 212°, 
left 6.884 grains of solid saline matter. 

The composition of this water may be stated as follows, in 1,000 
grains of the water: 

Grains. 

Carbonate of lime, - - 0.912) tt u ■ , ■ , , ■ 

r, , ^ c . « r "•■'•'i '" solution by carbonic acid. 

Uarbonate of manganese, - .131) 

Carbonate of iron, a trace. 

Sulphate of magnesia, - - 3.520 

Sulphate of lime, - - - .lb5 

Sulphate of potash, - - .170 

Sulphate of soda, - - - 1.013 

Cliloride of sodium, • - -304 

Silica, .... .066 

Moisture and loss, - - . .593 



6.884 

The amount of free carbonic acid present was not estimated. 

Although the sulphate of magiiesi;i, (Epsom Salt,) is the principal 
saline ingredient of these "Epsom Springs" at and near Crab Orchard, 
the presence of the other saline ingredients, and of the carbonate of 
iron, modifies greatly the action of that well known salt, so that the 
medicinal eflects, fram the use of these waters, is considerably differ- 
ent from that of a pure solution of sulphate of magnesia, and they 
are applicable to a greater variety of cases. 

The medicinal virtues of the saline matter of the Crab Orchard 
Springs have been so highly appreciated of late that a large quantity 
of "Crab Orchard Salts," obtained by evaporating the water to dry- 
ness in iron kettles, has been sold by oiir druggists, and it has become 
an officinal article. Some of this salts, as manufactured by Mr. B. 
II. Sowder, from the water of "Sowder's Spring," near. .Crab Orchard, 
preaently to be described, was submitted to chemical examination. - v 

No. 537 — Crab Orch.^rd Salts. BroucfM hj Mr, B. 11. Sowder. 
A moist granular powder, with a slight tinge of browuish^ like tfee 
whitest HavauiK sugary in appearance. 
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Dried at 212° it lost more than twenty per cent, of moisture. 

Composition, dried at 212° F.— 

Sulphate of magnesia, - - - - 63.19 

Sulphate of soda, - -- - 4.20 

Sulphate of potash, .... 1,80 

Sulphate of lime, - - . . - 2.54 

Chloride of sodium, - 4.77 

Carbonate of lime, magnesia, and iron, and silica, - - - .89 
Bromine, a trace. 

Water of crystallation and loss, - 22.61 



100.00 

This salt had been obtained by the evaporation of the water of the 
spring next to be described. The water was boiled down in an iron 
kettle, to a certain density, and then, after allowing it to stand for some 
time in a wooden vessel, the clear liquid, drawn otT from the mixed de- 
posit of carbonates of lime and magnesia and oxide of iron, thrown 
down b}- boiling, was evaporated to full dryness. 

By some of the manufacturers much attention is paid to this process 
of "purification" of the salt, so that it is entirely freed from oxide of 
iron and the precipitated carbonates, and is perfectly white; but whether 
the removal of these ingredients of the water is not injurious to the 
full medicinal virtue of the saline matter may well be questioned. 

The Crab Orchard salts have been much employed by the physi- 
cians of Lexington. They find them less drastic, and more tonic, 
than pure unmixed Epsom Salts, and more likely to act on the liver, 
in the manner of calomel, when taken in small doses. 

No. 538— Mineral Water. ''Sent hy B. H. Sotcdcr from "Sawder's 
Spring,'' about a wile and a half from Crab Orchard, on ike north 
of the hill towards Dick's river, near its base, and some 300 yards 
from the river. Spring yields about two hundred gallons a day. 

Specific gravity, • 1.006 

One thousand gr,iins of the water, evaporated to dryness at 212°, 

left 7.153 grains, of saline matter, in one thousand grains of the 

water- 
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Held in solution by carbonic acid. 



position — 






Grains. 


Carbonate of lime, 


0.506 
.376' 


Carbonate of magnesia, - 


Carbonate of iron, a trace. 




Sulphate of magnesia. 


2.989 


Sulphate of lime, - 


1.666 


Sulphate of potash. 


.298 


Sulphate of soda, 


.398 


Chloride of sodium. 


1.000 


Silica, - 


.021 


Bromine, a trace. 





7.153 

The amount of free carbonic acid present in this water was not esti- 
mated. 

No. 539 — Mineral Water. From Bryant's Springs, near Crab Or- 
chard. Labeled {No. 1) "Chalybeate Fountain in the valley,'" Lin- 
coln county^ Ky. 

The water had deposited a slight brownish sediment in the bottle, and 
the cork was somewhat blackened; it gave a little brownish-white de- 
posit on boiling; reaction neutral. 

It was found to have the following composition, in 1,000 grains: 

Carbonate of lime, - - 0.118) tt 1 1 • , .. , 

,_ , , . . „„,[■ Held in solution by carbonic acid. 

Carbonate of magnesia, .024) 

Carbonate of iron, with trace of 



manganese, 


.007 


Sulphate of magnesia, 


.027 


Sulphate of potash. 


.010 


Chloride of sodium, 


- .088 


Silica, 


- .017 



0.291 of a grain. 

Free carbonic acid not estimated. 

No. 540 — Mineral Water. From Bryanfs Springs, Lincoln coimty, 
Ky. Labeled " Chalybeate {No. 2) from the Pasture Spring." 
A Very slight, dark sediment had formed in the bottle, and the cork 
was more blackened than by the above described water; tastes more 
chalybeate than that; gave a slight, brown precipitate on boiling; reac- 
tion neutral. 
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Composition, in 1,000 grains — 





Grain . 


Carbonate of lime, 


- 0.095) 


Carbonate of magnesia, 


.037 


Carbonate of iron, 


.021) 


Sulphate of lime. 


.010 


Sulphate of magnesia, 


.070 


Sulphate of potash, 


- .026 


Chloride of sodium. 


- .015 


Silica, - 


- .046 



7}- Held in solution by carbonic acid. 



0.320 
Free carbonic, not estimated. 
A somewhat stronger chalybeate than the "Valley Spring." 

No. 541 — Mineral Water. From Bri/anfs springs, Lincoln county. 
Labeled "Sulphur Water {No. 3) Valley spring.'" 
No sediment in the bottle; no discoloration of the cork; a very 
faint taste and smell of sulphuretted hydrogen ; gave no sediment on 
boiling. 

Composition, in 1,000 grains — 

Grain . 

n Vol Held in solution by carbonic acid. 



Carbonate of lime, 


- 0.09.3 


Carbonate of magnesia, - 


.048 


Carbonate of iron, a trace. 




Sulphate of lime, a trace. 




Sulphate of magnesia, 


- .006 


Sulphate of potash, 


- .025 


Chloride of sodium. 


- .175 


Chloride of magnesium. 


.042 


Silica, - - 


- .015 



0.404 

The free carhonic acid and sidpJmrelled hydrogen present in the water 
were not estimated; a weak saline suh)hur tvatcr. 

No. 542— Mineral Water. From Bryant's Springs, Lincoln county, 
Ky. Labeled ^'Sulphur Water {No. i^) from the Knob Spring.'" 
A little floculent black precipitate in the bottle; the cork was some- 
what blackened; a more decided taste and smell of sulphur than in 
the last; a slight, taste of cgmmoa salt evident; no sediment formed 
an boiling. 
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Composition, m 1,000 


grains 


Grains. 


Carbonate of iron, a trace. 




Chloride of sodium, 


- 


0.933 


Sulphate of magnesia. 


- 


- .069 


Sulphate of lime, 


- 


.104 


Sulphate of soda, - 


- 


- .205 


Sulphate of potash, 


- 


.016 


Silica, 




- .015 



1.342 

The examination of the saline residuum, obtained by the evapora- 
tion of some gallons of this water, would doubtless give evidence of 
the presence of traces of iodine and bromine. The free carbonic acid 
and sulphuretted hydrogen were not estimated. A stronger and more 
active saline sulphur water than the preceding. 

No. 543 — Mineral Water. From Bryanfs Springs, Lincoln county, 
Ky. Labeled "3Ir. /Stone^s sulphur water.'''' 
A very little black flocculent sediment in the bottle, and the cork 
had been somewhat blackened; the odor of sulphuretted hydrogen 
was scarcely perceptible, and the taste very faint. Gave a light color- 
ed sediment on boiling. 

Composition, in 1,000 grains of the water — 
Carbonate of lime, - 0.058 



Carbonate of magnesia. 


.116 


Carbonate of iron. 


.026 


Sulphate of lime. 


.012 


Sulphate of magnesia, 


.023 


Sulphate of potash. 


.007 


Chloride of sodium, a trace. 




Silica, 


.030 



0.272 of a grain. 

The free carbonic add and stdphuretted hydrogen were not esti- 
mated. 

In this, and in the other sulphur waters described, the sidphureited 
hydrogen had been decomposed during the transportation of the water 
to the laboratory; and the proportion of this gas, as well as of the 
carbonic acid, can only be correctly ascertained in water examined ai 



31 
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the fountain, or introduced there with care into bottles containing the 
proper re-agents, to bring these gases to a fixed state. 

No. 544 — Mineral Water. From Bryanfs Springs, Lincoln county, 
Ky. Labeled '^Wcll in froni of Bryant's house.'" 

A little dark sediment in the bottle; no odor; a slight taste of Ep- 
som salt; deposits a whitish sediment on boiling. 

Composition, in 1,000 grains — 



. Held in solution by carbonic acid 





Grains. 


Carbonate of lime, 


0.480 


Carbonate of magnesia, 


.013 


Carbonate of iron, - 


.019 


Sulphate of magnesia, 


- .904 


Sulphate of lime, 


.966 


Sulphate of potash, 


.066 


Sulphate of soda. 


0,028 


Chloride of sodium, 


.278 


Silica, 


.090 



2.844 

The amount of free carbonic acid in this water was not estimated. 

This water resembles, in composition, the Epsom waters of the Crab 
Orchard springs, but, whilst it contains a smaller proportion of saline 
matters, it has a rather larger proportion of carbonate of iron and of 
sulphate of lime. 

No. 545 — Mineral Water. Labeled "Stone Spring,'' from Bryanfs 
Springs, Lincoln county, Ky. 

Presented nothing remarkable in taste and smell. There was a lit- 
tle flocculent precipitate of oxide of iron in the bottle, but the cork 
was not perceptibly blackened. One thousand grains of the water, 
evaporated to dryness, left but 0.05 of a grain of saline matter, which 
consisted of 

Sulphate of magnesia ; 

Sulphate of lime; 

Chloride of sodium; 

Carbonate of iron; 

Carbonate of lime; and 

Carbonate of magnesia. 
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This is a remarkably pure water, and slightly chalybeate. Very 
few spring waters contain so small u proportion ol' saline matter as 
this, which has only about a third of a grain to the avoirdupois pound. 

No. 407 — Carbonate OF Iron. Labeled "'Flat Lick Iron Ore,'' in 
burnt shale, near Stanford, on Thomas Holmes'' land, Lincoln coun- 
iy, Kyr 

A dense, fine granular, greenish-grey carbonate of iron; powder of 
a dirty buff color. 

3.339 



Specific gravity, 


- 


Composition, dried at 212° F. — 




Carbonate of iron. 


- 47.971 


Oxide of iron, 


10.66 j 


Alumina, 


- 2.99 


Phosphoric acid. 


.36 


Carbonate of lime, - 


7.26 


Carbonate of magnesia, - 


- 12.13 


Carbonate of manganese, 


3.03 


Sulphur, 


.21 


Potash, 


.57 


Soda, 


.24 


Silex and insoluble silicates. 


- 13.95 


Water and loss. 


.64 



47.97) gQ^^ . ^^j^j of /row. 
10.66) '^ 



100.00 

The air-dried ore lost 0.40 per cent, of moisture, at 212° F. 
A very good iron ore, which would require very little addition of 
limestone to flux it. 

LrVINGSTON CODNTY. 

No. 240-^CoAL. Labeled "Union Company' s Coal, bottom part, Liv- 
ingston county, Ky." 
A glossy pitch-black coal ; firm, but not very hard ; a little fibrous 
co.il, and some pyritous matter betweea the layers. Over the spirit- 
lamp it does not decrepitate except ia the pyritous portions; softens, 
swells a good deal, and agglutinates into a light cellular coke; burn- 
ing with a smokey flame. 

Specific gravity, - - . . „ . 1.366 

The vMimaie analysis of this coal gave the following results: 
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Carbon, . - - - ' - - 78.000 

Hydrogen, - - ----- 4.977 

Sulphur, - ■• - -630 

Nitrogen, - -628 

Oxygen and loss, - - - - 7.165 

A shea, ----- - 8.600 

100.000 

Submitted to distillation, at a heat gradually increased to dull red- 
ness, one thousand grains of this coal gave 

148.00 grains thick dark-colored "crude oil." 
38.00 grains ammoniacal water. 

750.00 grains light cellular coke; and 
465 cubic inches of good gas. 

Like the rest of the soft bituminous coals, this does not yield a 
Lirge quantity of oily or waxy matters on distillation ; but it gives a 
larj;e proportion of good coke, and doubtless would answer well for the 
production of illuminating gas. Its proportion of sulphur is moder- 
ate- 

LOGAN COUNTY. 

No. 217 — Sub-soil. Lahch:tl "Sub-soil, soidhern part of Logan coun- 
tij, ten miles from Fraiitliv^ on the roud from K^Ajshurg. {8uh-car- 
honift'rou'i Limestone Fonnaiion.y 

Color of the dried sub-soil of a handsome dirty orange, or brownish- 
reddish-yellow color. Carefully washed with water this soil left 69^ 
per cent, of greyish-red s:uid, of which all but about 6i per cent, was 
very fine; this coarser portion consists of rounded particles of hyaline 
and milky quartz, with a little admixture of ferruginous mineral. 

One thousand grains, dried at the ordinary temperature, were digest- 
ed for a month in water containing carbonic acid, to which it gave up 
only iibout half a grain of solid extract, dried at 212°, the composi- 
tion of which was as follows: 

Organic and volatile matters, . - . . - 0.260 

Oxide of iron and alumina, --.... .036 

Brown oxide of manganese, - . - . . _027 

Phosphoric acid, - - - - - . - .011 

Sulphuric acid, not estimated. 

Lime, . - - .037 

Magnesia. - ,033 
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Potash, - - - - - .064 

Soda, - - - - .017 

Silica, - - - - .110 



0.586 of a gr. 

Dried at 400° F., this sub-soil lost 2.80 per cent, of moisture. 

Its cotnposiiion, thus dried, was found to be — 

Organic and volatile matters, - - 3.14 

Oxide of iron, - - - - 3.66 

Alumina, ... . . . 4.77 

Phosphoric acid, - - • .14 

Sulphuric acid, not estimated. 

Carbonate of lime, - ... ... .30 

Magnesia, ... ... . .40 

Brown oxide of manganese, ... .18 

Potash, - .... . .12 

Soda, - - - .03 

Silex and insoluble silicates, - - 89.27 



102.01 
The analysis of this sub-soil may be compared with that of its su- 
perincumbent surface-soil, No. 141, given on pages 342 and 379, of 
the preceding report. It will be seen, that whilst that gave a larger 
proportion of soluble matter to the water coatainiiig carbonic acid, and 
contains a trifle more of organic and volatile constituents, and less 
phosphoric acid, yet the composition of the two is strikingly alike — 
making allowance for an evident error in the estimation of the oxide 
of iron and alumina, in this latter analysis, which causes the apparent 
excess of about two per cent, in the sum. 

MONROE COUNTY. 

No. 418 — LiMONiTE. Labeled "Iron Ore, Malone's farm, Cole's fork 
of Mill creek, Monroe county, Ky."" 
A dense limonite, of a dark yellowish-brown color; with irregular 
cavities; and shining portions of a nearly black color; powder light 
yellowish-brown. 
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■ition, dried at 212° F.— 

Oxide of iron, - - 76.90 = 53.85 per cent, of Iron. 

Alumina, - - .27 

Brown oxide of manganese, - .95 

Carbonate of lime, .27 

Magnesia, - .73 

Phosphoric acid, - .30 

Potash, .20 

Soda, .08 

Silex and insoluble silicates, 9.35 

Combined water, 11.79 



100.84 

The air-dried ore lost 1.40 per cent, of mu/sfuj-c, at 2 1 2^ F. 

Quite a pure hydrated oxide of iron, which, for successful smelting, 
must be mixed with poorer ores and limestone. As previously stated, 
experience has proved that iron ores containing more than fifty per 
cent, of iron cannot be so cheaply smelted in the high furnace as those 
which contain a larger proportion of earthy ingredients. 

No. 228 — Soil. Labeled "Soil from the dioidiug ridge hetiveen Bar- 
ren and Cumberland rivcm, where iJie broom-sedge grass prevails, 
Monroe eounig, Kg. {Sub-curboviferous Sands/one or Knob For- 
inalion)'''' 

Color of the dried soil dark yellowish-grey. Sifted through a seive, 
with about 169 apertures to the inch, some cherty fragments were left. 
Carefully washed in water it gave about 52. percent, of sund, of which 
all but about 14. per cent, would go through bolting cloth of 5,000 
apertures to the inch; this coarser sand consisted of rounded particles 
of hyaline and milky quartz, and of yellow, red, and brown ferrugi- 
nous quartz. 

One thousand grains, dried at the ordinary temperature, and digest- 
ed for a month in water containing carbonic acid, gave up nearly three 
grains of soluble extract, of which the composition was — 
Organic and volatile matters, - - . .... 0.920 

Alumina, oxide of iron and phosphates, ...... .468 

Brown oxide of manganese, not estimated. 

Carbonate of lime, ... . . . . j .078 

Magnesia, - .... . . .q26 

Sulphuric acid, .119 

Potash, .040 
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Soda, - .... .040 

Silica, - - - - - .110 

Loss, - - . . - . - .052 



2.853 

The air-dried soil lost 1.82 per cent of moisture at 365° F.; dried 
at which temperature its composition was found to be as follows: 

Organic and volatile matters, - - - 4 130 

Alumina, .... . 2.700 

Oxide of iron, - 2.120 

Carbonate of lime, - - - .106 

Magnesia, . - - ... .200 

Brown oxide of manganese, - - - .116 

Phosphoric acid, - - - - .076 
Sulphuric acid, not estimated. 

Potash, . .119 

Soda, - - - ... .122 
Silex and insoluble silicates, - - - 89.393 

Water and loss, - - .913 



100.000 



No. 4o4 — Zinc Ore. Labeled "Zinc and Lead Ore,'''' from the rocks 
under the Devonian Black Slate, Sulphur Lick, 3Ionroe county, Ky." 
A fine granular rook, containing carbonate of lime, with sulphurets 

of zinc and lead disseminated through it. 

Composition — 

Sulphuret of zinc, 77.33 = 61.77 per cent, of Zinc. 

Silica, &c., - - 17.48 

Carbonates of lime and magne- 
sia, and sulphuret of lead dis- 
seminated, - - 5.19 



100.00 
If found in sufficient abundance might be profitably employed in 
the manufacture of zinc white paint. 

MUHLENBURG COUNTY. 

No. 464 — Coal. Labeled "Walker's Coal, one and a half miles west 
of Turners, Muhlenburg county, Ky^'' 
A dull looking coal, with the appearance of having been weathered; 
some signs of decomposed pyrites on its exposed surfaces; sepajrates 
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easily into thiu layers, between which are fibrous coal and impressions 
as of broad reed leaves. Over the spirit-lamp it does not decrepitate; 
burns with a smoliey flame; softens and agglutinates somewhat, and 
swells into a moderately dense coke. 

Specific gravity, - - - 1.271 

Proximate Analysis. 

^°'^''^'"<'' - ^-^^t Total volatile matters, 45,30 

Volatile combustible matters, - 41.50) 

Carbon in the coke, - S3-60) q^j^ /fright cellular,) 54.70 

Ashes, (dirty buff,) I.IOJ ^ ^ 



100.00 100.00 

The composition of the ashes of this coal is as follows: 

Silica, - - - - - 0.29 

Alumina and oxide of iron, - - .58 

Lime, - - ... . - .10 

Magnesia, - - - - .13 



1.10 
The considerable proportion of lime and magnesia in this ash will 
make it more than usually fusible in a strong fire. 

By ultimate analysis this coal, dried at 212°, was found to be com- 
posed of 

Carbon, - 79.577 

Hydrogen, - 5.199 

Sulphur, - - .640 

Nitrogen, oxygen, and loss, - - - - 13.384 

Ashes, - - - 1.200 



100.000 
Quite a pure coal, but its large proportion of oxygen and nitrogen 
prevents it from being a very good coking coal. 

No. 191 — Coal. Labeled '^Robert's Main Muddy River Coal, Muhlen- 

hnrg county, Ky^'' 

A very pure looking, dark, glossy coal, with scarcely any appear- 
ance of fibrous coal between the layers, and only microscopical appear- 
ances of pyrites in a few spots; not soiling the fingers; firm, but not 
very hard. Over the spirit-lamp it decrepitates a little; burns with a 
smokey flame; softens, swells up, and agglutinates into a moderately 
dense cellulax coke, with botryoidal prominences. 
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Specific gravity, ...... 1.263 

Proximate Analysis. 

Moisture, - - - - 6 80/ 

v„i tn^ V .-ui ,.i «„ f Total volatile matters, - 38.30 

Volatile combustible matters, 32.50) 

Carbon in the coke, - 66.70) ,, . , 

Ashes, (light-grey,) - - 5.0o( ^''S^' <=''''^' " ^'-'^ 

100.00 100.00 

The proximate analysis of the lower portion of this coal was given 
by Dr. Owen in his first report, page 142. 

The composition of the ashes was found to be — 

Silica, - - . . ... 2.99 

Alumina, with little oxide of iron, - - ... igs 

Lime, 27 

Magnesia, - - . 05 

Loss, 01 

6.00 
Submitted to ultimate analysis this coal, dried at 212° F, gave of 

Carbon, 74.455 

Hydrogen, - . - .... 4.933 

Sulphur 906 

Nitrogen, 1 O30 

Oxygen and loss, 13.076 

Ashes, . . 6.600 

100.000 
By destructive distillation, at a moderate heat, one thousand grains 
of Roberts' coal gave 

102.10 grains of thick black tarry matter; 
1 19.80 grains of ammoniacal water of a dark purple color; 
659.50 grains of bright coke; 
Leaving 118.60 grains for loss and gas. 

1000.00 

The gas collected measured only 370 cubic inches, and was of mod- 
erately good quality. 

This coal is not, therefore, very well suited to the manufacture of 
gas, nor for the production of Paraffin and Benzole, &c., by destruc- 
tive distillation. 

Its large proportions of oxygen and nitrogen injure it somewhat' for 
these purposes: the hydrogen being, to an equivalent amount, monop- 



3^ 
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olized in the production of water and ammonia, by union with these 
gases ; but it is a very good coal for domestic and manufacturing pur- 
poses generally, and no doubt yields a very good coke. 

The dark purple color of the ammoniacal water, obtained by its dis- 
tillation, is due to the presence of sulpho-cyanide of ammonium, which, 
by action on the iron of the tube of the retort produced the character- 
istic dark-purple compound, sulpho-cyanide of iron. Besides this com- 
pound the ammoniacal water contained hydrosulphate of ammonia and 
carbonate of ammonia. 

No. 156 — Coal. Labeled "{McLean) Airdrie Coal, heloiv the clay 
parting, six and three-twelfths feet thick, Muhlenhiirg county, Ky.^'' 

The proximate analysis of this coal was given on page 352, of the 
former report. 

Ultimate Analysis. 

Carbon, 76.091 

Hydrogen, - - - 6.222 

Sulphur, - - 1.350 

Oxygen, nitrogen, and loss, - - 13.937 

Ashes, - - - - 3.400 



100.000 

Does not differ much in composition from Roberts' coal, but the 
specimen examined contained rather more sulphur. 

No. 157 — Coal. Labeled "JEades Coal, two and a half miles south- 
tvest of Greenville, Muhlenhurg county, Ky" 
The proximate analysis of this coal is also given on page 352 of the 
former report. 

Ultimate Analysis. 
Carbon, - - - . . 76.855 

Hydrogen, - - - - ... 6.244 

Sulphur, - .... 654 

Oxygen, nitrogen, and loss, . 13^847 

Ashes, - - - . . . 3.400 



100.000 

Closely resembles the two preceding in composition and properties. 
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OHIO COUNTY. 

No. 405 — LiMONiTE. Labeled '■'■Iron Orel Top of the hill at Mr. 
Frenches, seven miles north of Hartford, Ohio county, KyT 
A porous, yellowish-brown mass, containing a small bi-valve shell; 
under the lens exhibiting a few minute spangles of mica and grains of 
sand, united by a ferruginous cement; powder yellowish-brown. 

Composition, dried at 212° F. — 

39.48 = 27.64 per cent, of Iron. 



Oxide of iron, 


- 39.48 


Alumina, 


- l.Bl 


Brown oxide of manganese, 


1.77 


Phosphoric acid. 


.64 


Lime, a trace. 




Magnesia, 


1.12 


Potashf 


.34 


Soda, 


.06 


Silex and insoluble silicates. 


47.37 


Combined water. 


8.28 



100.87 

The air-dried ore lost 1-00 per cent, of moisture, at 212"'. 
Rather a poor silicious ore. 

No. 413 — LiMONiTE. Labeled '-Argillaceous Iron Ore, at Livermores 
landing, Ohio county, KyT 
Portion of a flat nodular mass, formed of concentric layers of brown- 
ish-yellow hydrated oxide of iron ; dull ; adhering strongly to the 
tongue; powder brownish-yellow; when it has been calcined, of a 
bright spanish-brown color. 

42.14 per cent, of Iron. 



Composition, dried at 212° F. — 




Oxide of iron, 


- 60.18 


Alumina, 


4.85 


Phosphoric acid, 


.60 


Lime, a trace. 




Magnesia, 


.73 


Brown oxide of manganese, 


.27 


Potash, 


.40 


Soda, - 


.08 


Silex and insoluble silicates, 


19.75 


■ Combined water. 


- 13. i4 



100.00 

The air-dried ore lost 1.80 per cent of mmtwe at 212" F. 
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No. 455 — Limestone. Labeled "Hydraulic Lim.estone, five miles north 
of Hartford, Ohio county, Ey.'" 
A dark-grey, compact, limestone; glimmering with minute facets of 

calc.'ireous sp^r; not adhering to the tongue; powder light-grey. 
Specific gravity, ...---- 2.721 

Composition, dried at :^12° F. — 

Carbonic acid, 38.56 

Sulphuric acid, ... ... .80 

Phofsphoric acid, -- .... .12 

Lime, - - - - - ... 47.06 

Magnesia, 2.39 

Alumina and oxide of iron, ....... 1.44 

Potash, .29 

Soda, .... .24 

Silex and insoluble silicates, .... . 9.95 

100.86 
The air-dried rock lost only 0.30 per cent, of moisture at 212° F. 

No. 459 — Coal. Labeled "Pitchener's Coal, Green river, two miles 
above Liver more, Ohio county, Ky." 
A shining pitch-black coal ; not very hard; with some little infil- 
trated pyrites. Heated over the spirit-lamp did not decrepitate much, 
the fragments softened, swelled up, and agglutinated, forming an in- 
flated coke. 

Specific gravity, 1.272 

Proximate Analysis. 
Moisture, .... 6 



Volatile combustible matters, 

Carbon in the coke, 

Ashes, (yellowish-grey,) - 4 



!■ Total volatile matters, - 46.70 
41.20) 



Carbon in the coke, - - 48.90) „, . . n 1 1 ro o« 

y Shmmg cellular coke, - 63.30 
1.40) 



100.00 100.00 

The composition of the ashes was found to be 

Silica, 2.18 

Alumina and oxide of iron, - - 1.98 

Lime, a trace. 

Magnesia, ■ - . - . s^ ,. . . .10 

Loss, ■ .....,, .14 

4.40 
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The ultimate composition of this coal, dried at 212°, is as follows: 

Carbon, 71.618 

Hydrogen, 6.377 

Sulphur, - . - . 1.760 

Oxygen, nitrogen, and loss, . . - - - . 16 466 

Ashes, ... 4.800 



100.000 



No. 470 — Coal. Labeled "Barrefs Coal, two miles north of Hart- 
ford, Ohio county, K]!^ 
A shining, pitch-black coal; apparently pure, except from some mi- 
croscopical appearance of pyrites in the fibrous coal which separates 
the layers, and some efflorescence of sulphate of iron. Over the spir- 
it-lamp it decrepitates a little; buras with a yellow smokey flame; 
softens and wells up a good deal, the fragments agglutinating into a 
light cellular coke. 

Specific gravity, ....... 1.311 

Proximate Analysis. 

^°'''"'"«' - - - - ^■'^^l 'Yot^U^X^i^^^r^M^rs, 42.60 

Volatile combustible matters, - 37 90) 

Carbon in the coke, - - 62.02) t • v. u- • i r^ ../^ 

' y Light shining coke, - 67 40 

Ashes, (light-chocolate-brown,) 6.38) 



100.00 100.00 
The composition of the ashes is as follows: 

Silica, ... - - - - 1.24 

Oxide of iron and alumina, -...--. 3.88 

Traces of lime and magnesia, and loss, ..... .26 



5.38 

The ultimate composition of this coal, dried at 212°, is as follows: 

Carbon, - - 74.510 

Hydrogen, 6.332 

Sulphur, - - 3 064 

Oxygen, nitrogen, and loss, 12604 

Ashes, 4.600 



100.000 

The per centage of sulphur is quite considerable. 
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No. 461 — Coal. Labeled ''Mr. Jackson's Coal, one mile helow Crom- 
well, Green river, Ohio county, Ky." 
A very dark and glossy coal ; easily breaking into cuboidal frag- 
ments; fibrous coal between some of the layers, but no appearance of 
pyrites or other impurities. Over the spirit-lamp it does not decrepi- 
tate; burns with a very smokey flame; softens very much; aggluti- 
nates, and swells into a cellular shining coke. 

Specific gravity, - ... 1.272 

Proximate Analysis. 

Moisture, - - 5.60) ^^^^j volatile matter, 43.90 

Volatile combustible matters, - 38.30) 

Carbon in the coke, - ^^.60) g^-^j^j ^^jj^^j^^. ^^j^^^ 5g 10 

Ashes, (reddish-grey,) - 2.60) 

100.00 100.00 

The composition of the ashes was found to be — 

Silica, - - l->9 

Alumina, and oxide of iron, - 1-28 

Lime, - -10 

Magnesia, - -06 

2.63 
Submitted to ultimate analysis, dried at 212°, this coal gave 

Carbon, 75.219 

Hydrogen, - - 6.177 

Sulphur, - 1.704 

Oxygen, nitrogen, and loss, - 14.900 

Ashes, 3.000 

100.000 

No. 223 — Soil. Labeled -'Soil, one foot deep, Mr. Harris' , Morgan- 
town road, Ohio county, Ky. {Coal Measures.)" 

Color of the dried soil light yellowish-grey. Carefully washed in 
water it left more than 52. per cent, of sand, of which less than 1. 
per cent, did not pass through fine bolting cloth. This consisted of 
flattened rounded particles of ferruginous sandstone. 

One thousand grains, dried at the ordinary temperature, and digested 
for a month in water containing carbonic acid, gave up about two and 
a third grains of brown extract.) which had the following composition, 
dried at 2 12°: 



CHEMICAL REPORT OF GEOLOGICAL SURVEY. 255 

Grains. 

Organic and volatile matters, - - 0.770 

Alumina, oxide of iron, and phosphates, - .317 

Lime, ..... .274 

Magnesia, - .123 

Brown oxide of manganese, - .049 

Sulphuric acid, - .067 

Potash, - - .081 

Soda, - .144 

Silica, - . .230 

Carbonic acid and loss, .276 



2.330 
Dried at 400° the air-dried soil lost 1.74 per cent, of moisture; and 

its composition, thus dried, was found to be as follows : 

Organic and volatile matters, - - 6.080 

Alumina, and oxides of iron and manganese, - 4.349 

Carbonate of lime, - - -176 

Magnesia, - .166 

Phosphoric acid, - .101 

Sulphuric acid, - - -413 

Chlorine, - - .016 

Potash, - .157 

Soda, - .016 

Sand and insoluble silicates, - 90.166 



100.639 



OWSLEY COUNTY. 

No. 160 — Coal. Labeled "Canncl Coal from RaddocKs mine, between 
south and middle forks of Kentucky river, Owsley county, KyP 
This coal, of which the proximate analysis was given in the former 
report, page 354, has been submitted to ultimate analysis, with the fol- 
lowing results, viz : 

Carbon, - - ... 76.791 

Hydrogen, - " 6.177 

Sulphur, -241 

Oxygen, nitrogen, and loss, - - - - - 13.791 

Ashes, - - - - 3.000 

100.000 

As it contains a larger relative proportion of hydrogen than any 
other of the coals examined, except the Breckinridge coal, it was sub- 
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mitted to destructive distillation at a heat gradually raised to dull red- 
ness, and the quantity of liquid combustible products is second only 
to tlat obtained from that coal. One thousand grains of this cannel 
coal, dried at the ordinary temperature, gave, on distillation, 

248.50 grains of crude oil, (thick and dark colored); 
64.60 grains of ammoniacal water; 

589.00 grains of dense coke. 

892.00 
Leaving 108.00 grains for loss and gaseous product. 

The gas collected measured 370 cubic inches, and had a very high 
illuminating power. 

This coal, as well as the cannel coal on Troublesome creek, Breathitt 
county, described by Dr. Owen in the preceding report, might doubt- 
less be profitably employed in the manufacture of Benzole, lubricating 
oils. Paraffin, &c. 

PULASKI COUNTY. 

No. 452 — Carbonate of Iron. Labeled '•'■Headwaters of Indian and 
Rockhouse creeks, Grassy Gap Survey, Pulaski county, Ey." 
A dense, fine granular, dark-grey carbonate of iron, with a thin ex- 
terior layer of hydrated oxide; powder yellowish-grey. 

- 3.344 

. 36.60 per cent, of Iron. 



Specific gravity, ... 


- 


Composition, dried at 212° F. — 




Carbonate of iron, - 


63 02: 


Oxide of iron, ... 


20.13! 


Carbonate of lime, - - . 


5.35 


Carbonate of magnesia. 


7.48 


Carbonate of manganese, 


.71 


Alumina, .... 


1.95 


Phosphoric acid, ... 


1.13 


Potash, 


.54 


Soda, 


.08 


Silex and insoluble silicates, 


9.46 


Organic matter, trace of sulphur, 




and loss, .... 


.16 



100.00 

The air-dried ore lost 0.50 per cent, of moisture at 212°. 
This could be very economically smelted, because it contains with- 
in itself all the materials for the flux and the formation of cinder. 
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Ores containing about this per centage of iron are more profitably 
worked than those which are richer. 

No. 407 — Coal. Labeled "Sears' Coal, Pitman Mil, waters of Pit- 
litem ami Biiek creeks, Phta^lci eoimfy, Ky^ 
A glossy, pitch-black coal; seemingly pretty pure, with only mi- 
croseopiciil appearances of pyritous matter in the fibrous coal, which 
separates the thin layers, into which it easily cleaves. Over the spir- 
it lamp it softens a little, does not decrepitate, nor swell up much; the 
fragments agglutinate only at the angles in contact. 

Specific gravity, - - - - 1.274 

Proximate Analysis. 

^°^^*"'-«' ■ 2.20J Total volatile matters, - 41.10 

90j 



Volatile combustible matters, 38 90 
Carbon in the coke, - 67 

Ashes, (ligbt-buff-grey,) - 



^■°°i Dense coke, - 58.90 

1.90) 



100.00 100.00 
The composition of the ash was found to be — 

Slliea, ... - . - - 0.69 

Alumina and oxide of iron, - - - - .88 

Magnesia, - - - .10 

Lime, a trace, and loss, - .23 



1.90 
On ultimate analysis this coal, dried at 212°, gave 

Carbon, ... - . 78.608 

Hydrogen, ... . . . 6.311 

Sulphur, .380 

Oxygen, nitrogen, and loss, - - ... 13.461 

Ashes, - ... 2.250 

100.000 

This coal is remarkable for its small proportions of earthy matters 
and sulphur. 

No. 471 — Coal. Labeled "Lower Bed of Coal, sixty feet under the 
Main Coal, Cumberland Mines, Pulaski county, Ky." 
A pitch-black, pretty hard coal; cleaving into thin layers, which 
are separated by fibrous coal, in which there is scarcely any appear- 
ance of pyrites or other impurities. Over the spirit-lamp it does not 
decrepitate; swells up very little; burns with a reddish-yellow smoky 

flame; leaving a pretty dense shining coke. 
88 
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Specific gravity, . - - - - 1-311 

Proximate Analysis. 
Moisture, - - 4,40) ,p^^^j ^^Y^^;^\Q matters, - 38.20 

Volatile combustible matters, 33.80) 

Carbon in the coke, - ^^'^"l Coke scarcely coherent, 61.80 

Ashes, (nearly while,) 3 Ou) 

100.00 100.00 

The ashes were found to be composed of 
Silica, ..---- - - 1.69 

Alumina, with a trace of oxide of iron, - - . - 1.38 

Lime, - - - -^ 

3.17 
Submitted to idtimate analysis, dried at 212°, gave the following 
results, viz: 

Carbon, - - ' - ' " "^6.364 

Hydrogen, - - - - - 5-200 

Sulphur, - - -420 

Oxygen, nitrogen, and loss, - - - 14.716 

Ashes, - - - - 3.300 

100.000 

In its large proportion of oxygen and nitrogen we probably see the 
cause why it does not soften and swell up much in burning. 

This, like the preceding, which it resembles, is also a remarkably 
pure coal. 

No. 546 — Impure Limonite. Labeled '■'■Iron Ore, found in masses of 
tons iveight, near the mill of Dr. Graham, Rockcastle river, Pulaski 
county, KyT 

A dark-red, mottled with lighter-red, fine granular ore, containing 
grains of sand, and glimmering under the lens; does not adhere to 
the tongue. 

Specific gravity, - - - 2.696 

Composition, dried at 212° F. — 

Sand and insoluble silicates, - - - 69.18 

Oxide of iron, - 27.18 

Alumina, - . . - . . . .70 

Combined water, - - 3.60 

Magnesia and lime, traces. 

100.66 
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Contains too much sand to be a profitable iron ore, yet it might be 
used to mix with calcareous ores, or, with limestone added, to assist in 
fluxing ores which were difficult to smelt in consequence of their too 
great purity from earthy matters. 

RUSSELL COUNTY. ' 

No. 226 — Soil. Labeled ^^Soil and subsoil, table land of Russell 

couuty, Ky., four miles north of Janicstotvn. (^Sub-carboniferous 

Sandstone, or Knob Formation.) 

Dry soil of a dark buff-grey color; sifted through a seive, with one 
hundred and sixty-nine apertures to the inch, some ferruginous Jind 
quartz pebbles were removed from it. Carefully washed in water it 
left 57. per cent, of fine sand, of which all but about 5. per cent, 
passed through fine bolting cloth. These coarser particles appeared, 
under the lens, as rounded fragments of quartz and ferruginous sand- 
stone, mixed with a few small entrocliitts. 

One thousand grains of the air-dried soil, digected for a month in 
water containing carbonic acid, gave up more than two grains of solu- 
ble brown extract, which, dried at 212°, had the following composition: 

Grains. 

Organic and volatile matters, - - - - - 910 

Alumina, oxide of iron, and phosphates, - .287 

Lime, - - ... .3t;9 

Magnesia, ... - .080 

Brown oxide of manganese, - .069 

Potash, - - - - - .143 

Soda, ... .060 

Sulphuric acid, ... . . .089 

Silica, - ... .150 

Carbonic acid and loss, - .084 



2.221 



The air-dried soil lost 3.44 per cent, of moisture at 400° F. 

Dried at which temperature it was found to contain 

Ortrani<5 and volatile matters, - ... - 4.170 

Alumina, and oxides of iron and manganese, 4.478 

Carbonate of lime, - - ...... .176 

Magnesia, -..-- ..... .06f: 

Phosphoric acid, ..-..--- .0?^ 

Sulphuric acid, .227 
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Potash, ... .063 

Soda, - - .068 

S^nd and insoluble silicates, - ... 90.786 
Chlorine, a trace. 

100.122 
The large proportion of sand and silicious matters, and the small 
relative amount of alumina and oxide of iron, and especially of phos- 
phoric acid and the alkalies, explain the poverty of this soil of the 
Knob Formation. Yet, as the silicious matter is in a state of very 
fine division, even this, by skillful management in the proper applica- 
tion of manures, may be made and kept quite productive. Whether 
this could be profitably done would depend upon local circumstances. 

SIMPSON COUNTY. 

No. 480 — Sub-soil Labeled ''Red sub-soil, northern ]>art of Simpson 

county, three-fourths of a mile from the Warren county line, Ky. 

{Sub-carboniferous Limestone Formation.y 

Dried soil of a handsome brick-red, or light orage-red color. Care- 
fully washed in water it left about 45^ per cent, of fine sand, mixed 
with some larger rounded fragments of quartz mineral, some clear, 
some milky, others colored light-red with oxide of iron, and about 
4 per cent, of coaser sand about as fine as bar sand, composed of 
rounded particles of the same minerals. 

One thousand grains of the soil, dried at the ordinary temperature, 
digested for a month in water containing carbonic acid, gave up only 
abi>ut two-thirds of a grain of greyish c.drad, which had the following 
compo^ition ;. 

Org-inic and volatile matters, - - . - 0.260 

Oxide ol iron, alumina, oxide of manganese, and phosphates, .047 

Lime, ..... ... .064 

Magnesia, .033 

Potash, - .... , . 027 

Soda, - .020 

Silica, ---- .157 

0.608 of a gr. 
The air-dried soil lost 4.14 per cent, of moisture at 360°; dried at 
which temperature itB composition was found to be as follows; 
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Organic and volatile matters, 7 02 

Oxide of iron, ... - 8 82 

Alumina, ....... . 1198 

Phosphoric acid, ....-..- - .24 

Carbonate of lime, ...-.- . .21 

Magnesia, - .20 

Brown oxide of manganese - ...... .13 

Potash. - - .19 

Soda, • . . . .OS 

Sand and insoluble silicates, - - - - - - - 71.13 

Loss, - .02 

100.00 
A portion of the volaliU matter stated above is no doubt water com- 
bined with the oxide of iron and alumina, which are present in unusu- 
ally large proportions in this soil, and to the former of which it owes 
its fine red color. These ingredients give the soil the property of form- 
ing quite a fixed compound with organic matters, as is shown by the 
fact that although this soil contains as much as 7. per cent, of organic 
and volatile substances, one thousand grains, digested for one month, 
gave up only about a quarter of a grain to the carbonated water. 
These substunces also have a considerable attraction for ammonia, ab- 
sorb it with great facility, retain it with such tenacity that water will 
not remove it, and are always found to contain some of it after expo- 
sure to the atmosphere. Some of this red soil examined for ammonia 
was found to yield only 0.025 per cent, of that compound, but this is 
equal to seven hundred and fifty pounds to the acre, to one foot depth. 
This amount is probably but a part of that rtally contained in this 
soil. According to the recent experiments of Th. Way, of England, 
all the soils examined exhibited considerable power of absorption of 
ammonin, from an atmosphere containing it, and will remove it from 
water which holds it in solution. By the analysis of Dr- Kroker, in 
the Giessen Laboratory, and of several chemists in the employ of the 
Royal Prussian College of Husbandry, in Berlin, all the soils submit- 
ted to analysis, for the detection of ammonia, were found to yield quite 
large proportions, amounting, in some of the German soils, to as much 
as 1 8,040 pounds to the acre of ground, to twelve inches of depth, 
and in a remarkable Russian black soil to nearly 50,000 pounds! 
From these facts Liebig, in his recent publication On the theory nad 
praeUve of agriadiure:" {"Uber Theorie and Prams in der Landwirik' 
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sdiafV Braunschweig, 1856,) not yet translated into English, tri- 
umphantly contends, that as nitrogen (contained abundantly in ammo- 
nia,) is so constantly and plentifnlly supplied by the atmosphere, the 
mineral ingredients of the soil are the only essential elements of vege- 
table structures which are in danger of exhaustion, and which need be 
restored to the soil to maintain it in a state of fertility. 

By comparing the above analysis of this peculiar sub-soil, with that 
of the surface-soil from the same locality, detailed in the preceding 
report, pages 355-6 and 379, marked differences of composition and 
properties will be noticed. 

The surface soil gave nearly three grains of extract to the carbonat- 
ed water, although containing less organic and volatile matters, but it 
contains only about one-third as much oxide of iron and alumina as 
this sub-soil, and considerably more fine sand and silicates. The sub- 
soil contains rather more phosphoric acid and alkalies than the soil; and, 
if gradually mixed with tbe surface soil, by deep ploughing, would 
give greater tenacity and strength to it, as it became exhausted by 
cropping. The great affinity of this red sub-soil, for organic matters, 
might, however, cause too great a mixture of it with the soil to be at 
first rather injurious than beneficial, but the simultaneous application 
of lime to the land might be useful. 

IRIGG COUNTY. 

No. 420 — LiMONiTK. Labeled ''Iron Ore, — ''lioneg-covib ore" — Capt. 
Williams', waters of Little river, Trigg cotinfg, Ky." 
A porous, friable mineral, composed of numerous thin contorted 
layers of reddish-brown dense limonite, separated by soft ochreous 
matter; powder light yellowish-brown. 
Composition, dried at 212" F. — 

66.10 = 39.28 per cent, of Iron. 



Oxide of iron, 


- 


- 66.10 


Alumina, 


- 


.45 


Phosphoric acid, 


- 


.38 


Sulphur, a trace. 






Lime, a trace. 






Magnesia, 


- 


.67 


Brown oxide of manganese, 


1.05 


Potash, 


- 


.34 


Soda, 


• 


.08 
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Silex and insoluble silicates, 


- 30.15 


Combined water, 


- 10.70 


Loss, 


.18 



100.00 

The air-dried ore lost 1.00 per cent, of moisture at 212''. 
A good silicious limonite. 

No. 421 — LiMONHE. Labeled ^^Iron Ore, IlwmaUtic variety, Capt. 
Williams\ waters of Little river, Trigg count g, Ky." 
A dense, dark-reddish- brown limonite, with some red and yellow 
ochreous incrustation, and cavities lined with botryoidal concretions; 
powder rich brownish-yellow. 



Specific gravity. 


- 3.778 


Composition, dried at 212° F. — 




Oxide of iron, 


- 79.40 == 55.60 per cent, of Iron. 


Alumina, 


.45 


Phosphoric acid, 


.87 


Brown oxide of manganese. 


.67 


Magnesia, 


.60 


Potash, - 


.21 


Soda, 


.05 


Silex and insoluble silicates, 


- 5.76 


Combined water. 


- 11.98 


Loss, . . . - 


.02 



100.00 

The air-di"ied ore lost 0.70 per cent, of moisture, at 212^. 

A very rich limonite, which will not only require the addition of 
limestone but also of some silicious matter or ore to form a sufficient 
amount of cinder in the furnace to protect the reduced iron from the 
direct inQuence of the oxygen of the blast. The ore described just 
preceding this would, no doubt, answer this purpose admirably. 

No. 457 — Limestone. Labeled "Ilydraulic Limestone near 3Ir. Llen- 
dricks\ four miles above the mouth of Little river, Trigg county, 
Kyr 
A dull, fine, granular, grey limestone; not adhering to the tongue; 

exhibiting a few small specks of of calcareous spar; powder of alight 

grey color. 
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Specific gravity, - - - 2.702 
Composition, dried at 2 12° F. — 

CKrb')nic acid, - - - - - 40.90 

Piiosphoric acid, - . . . . .06 

Lime, - ... 43.91 

Magnesia, - 7.00 

Alumina, oxide of iron, &c., ... ,3g 

Potash, - .21 

Soda, - - - - .09 

Silex and in.soluble silicates, - - 8'36 



IUO.89 



The air-dried rock lost 0.30 per cent, of moisture at 212° F. 

No. 458 — Limestone. Labeled ^'Hydraulic Limestone." 

Specific gravity, - 2.596 

Composition, dried at 212° F. — 

Carbonic acid, - - - - - 38.85 

Phosphoric acid, - - - - .92 

Sulphuric acid, ... . . .29 

Lime, - ... . 28.61 

Magnesia, - - 14.77 

Alumina, - - - - 1.23 

Oxide of iron, ........ .73 

Potash, - - - - . - - - .27 

Soda, - .30 

Silica and insoluble silicates, ... . 13.68 

Loss, - - - .35 



100.00 



The air-dried rock lost 0.20 per cent, of ?noisture at 212°. 

UNION COUNTY. 

No. 237 — Soil. Labeled "Soil, taken ten inches below the surface on 
Pond creek bottom, eight miles north-east of Caseyville, Union county, 
Ky ; culled there "-Blark Bottom;'''' land of Esquire Gains, {^No. 1.) 
i^Coal Measures.) 
Dried soil of a mouse color. Washed carefullj' with water it left 

about 28 p r cent, of mou.se-grey fine sand, which contained about 3. 

per Ciiit. of carser quartz grains, mixed with rounded particles of a 

ferruginous mineral. 
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One thousand grains, digested in water containing carbonic acid for 

a montii, gave up about two and a quarter grains of brown extract, 
which, dried at 2 i 2°, has the following composition, viz : 

Organic and volatile matters, - - . 1.190 

Alumina, oxides of iron and manganese, and phosphates, .039 

Lime, colored with oxide of manganese, - - .386 

Magnesia, - .083 

Sulphuric acid, ... ... . ]88 

Potash, . . .046 

Soda, ... . - - . .187 

Silica, .... . . . .161 



2.280 



The air-dried soil lost 2.76 per cent, of moisture, at 365° F. 

Its composition, thus dried, was found to be — 

Organic and volatile matters, - - ... 4680 

Alumina, - .... 2.986 

Oxide of iron, - . . - . . 2.666 

Carbonate of lime, .396 

Magnesia, -- - ..... .390 

Brown oxide of manganese, - ..... .056 

Phosphoric acid, . .... .. .jjg 

Sulphuric acid and chlorine, not estimated. 

Potash, . .139 

Soda, - - .116 

Sand and insoluble silicates, ... .... 88.426 

Loss, .... .130 



100.000 
No. 235 — Sob-soil. Laheled "Sub-soil from the land of Esquire 
Gains, on the points making to Pond creeh, taken a quarter of a mile 
distant from No. 1, {the preceding,) Union county, Ky." 

Color of the dried soil bufT-grey; when calcined of a brick-red. 
Washed carefully with water it left a considerable proportion of fine 
sand, (weight lost,) all of which passed through the finest bolting 
cloth. 

One thousand grains of the air-dried soil, digested for a month in 
water containing carbonic acid, gave up nearly a grain and a half of 
light-brown extract, composed of — 

34 
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Grains. 

Organic and volatile matters, - 0.700 

Alumina, oxides of iron and manganese, and phosphates, - .048 

Carbonate of lime, - - - .128 

Carbonate of magnesia, - - .105 

Sulphuric acid, - - ... .061 

Potash, .058 

Soda, - - - - - .030 

Silica, - - - - .360 



1.480 
The air-dried sub-soil lost 3.16 per cent, of moisture, at 400° F. 
Its composition, when thus dried, is as follows : 

Organic Bnd volatile matters, - - - 2.740 

Alumina, and oxides of iron and manganese, - ... 9.530 

Carbonate of lime, - ...... .276 

Magnesia. - .287 

Phosphoric acid, ... - .147 

Sulphuric acid, - ... .288 

Chlorine. - - .003 

Potash, - - - - .185 

Soda, - - - - ... .056 
Sand and insoluble silicates, - - - - 86.130 

Loss, ...-- . - - ,368 



100.000 
No. 236 — Soil. Labeled ^^Soil, derived from the shaley rook above 

the Anvil Rock, forming remarlcable flat Post Oak glades, Shaivnee- 

town road, two and a quarter miles north-east of Midford Page's 

land, Union count j/, Ky. {Coal Measures.^^) 

Color of the dried soil light-grey. Carefully washed with water one 
thousand grains of the air-dried soil left five hundred and seventeen 
grains of flne sand, of which one hundred and eighteen grains were 
too coarse to go through fine bolting cloth, and consisted principally 
of nearly spherical particles of ferruginous sandstone and iron ore, 
with rounded grains of quartz — hyaline, milky, yellow, and red. 

One thousand grains of the soil, digested in water containing car- 
bonic acid for a month, gave up about two grains of light clove-brown 
colored extract, which contained the following ingredients : 
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Organic and volatile matters, ... .... 0.589 

Alumina, oxides of iron and manganese, and phosphates, . - .197 

Lime, .... . .. _ .104 

Magnesia, .... .... .130 

Sulphuric acid, .... .... jsg 

Potash, 086 

Soda, . . ig3 

Silica, . . .290 

Carbonic acid and loss, - . . .226 



1.920 

Dried at 370° this soil lost 3.54 per cent, of moisture, and had the 
following composition, viz: 

Organic and volatile matters, . 3.670 

Alumina, .... g.gSO 

Oxide of iron, ..... ... 6.080 

Brown oxide of manganese, - . . .080 

Carbonate of lime, - - . . .136 

Magnesia, . - - - .633 

Phosphoric acid, ... . Qgg 

Sulphuric acid, . - . _4gg 

Chlorine, . . .003 

Potash, .. .087 

Soda, - . .062 

Sand and insoluble silicates, . . - . - 87.250 

Loss, - .216 



100.000 

No. 220— Marl. Labeled ''Marl, taken from a led four feet thick, 
overlaying a bed of coal eleven inches thick, near the top of a, hill, on 
the land of Francis H. Shouse, Union co until, KijP 
In greenish, slate-colored lumps, containing fr.igments of eiicriual 

stems, small cyathophilli, pieces of fossil bi-valve shells, and fragments 

of small coral stems. 

One thousand grains, washed with water, with careful trituration in 

a mortar, left 598 grains of mixed sand and fi-agments of fossils, of 

which 309 grains, principally oi fine sand, passed through fine bolting 

cloth. 

Dried at 400° this marl lost 1.92 per cent of moisture, and had the 

following composition: 



268 CHEMICAL REPORT OF GEOLOGICAL SURVEY. 

Organic and volatile matters, ....... 7 060 

Alumina, and oxides of iron and manganese, .... 6.700 

Carbonate of lime, - 60.850 

Magnesia, -.-... .... .698 

Phusphuric acid, .280 

Sulpliuric acid, ..-- - ... 1.366 

Chlorine, - - - -062 

Potash, - - .... . .310 

Soda, ... .166 

Sand and insoluble silicates, -..---.-32 670 

100.162 
This might be used as a top-dressing to increase the fertility of poor 
silicions or exhausted soils, in its neighborhood, but would not jay its 
carriage for any great distance. 

No. 185 — Coal. Labeled "Five feet, or main Jltilford coal, Union 

count//, Ki/." 
A glossy deep black coal; firm, but not very hard; having a little 
fibrous coal between the layers, but no marked appearance of pyrites. 
Over the spirit-lamp it does not decrepitate; softens and swells very 
much, and agglutinates into a very inflated coke. 

Specific gravity, ........ 1.321 

This coal, of which the proximate anah/sis was given by Dr. Owen 
in his first report, page 49, has been submitted to tdiimate analysis, 
and examined, as to its product of bituminous oils and illuminating 
gasj by destructive distillation. 

UUimale Analysis. 

Carbon, 76.200 

Hydrogen, . - 6.644 

Sulphur, 1.746 

Nitrogen, .662 

Oxygen and loss, 8.268 

Ashes, 7.600 

100.000 
The products of the distillation of 1,000 grains of this coal, at a 
heat giadually increased to redness, in an aveiage of two experimentB, 
were as follows: 
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136 50 grains of thick dark crude oil; 
64 75 grains of ammoniacal water; 
684.00 grains of coke; 

Leaving 1 15.75 grains for gas and loss. 

The gas collected measured 507.50 cubic inches, ou an average, and 
possessed high illuminating powers. 

It will be seen, therefore, that whilst this coal cannot be profitably 
employed in the manufacture of the bituminous oils, Benzole, and 
Paraffin, it is a very good coal for both gas and coke. Its uUbiiaie 
analtjsis show-; but a small proportion of oxygen and nitrogen. The 
only drawback to its use is the considerable proportion of sulphur 
which it is found to contain. This ingredient, however, like the e irthy 
matters which form the ash, is found to vary in its proportion even 
within the compass of a single lump of the coal. 

No. 188 — Coal. Labeled ^'■Ice-house Coal., Mulford''s mine, Union 

counly, KyP 

A not very glossy, but quite dark-colored coal; not very hard, but 
firm; presenting irised appearances, and some incrustation with sul- 
phate of lime, but no pyritous matter, and little fibrous coal. Over 
the spirit-lamp it swells up considerably, and agglutinates into a cellu- 
lar Coke. 

Specific gravity, ... 1.325 

The proximate analysis of this coal was also given by Dr. Owen in 
first his report, page 51. 

JJltimale Analysis. 

Carbon. 7.3.419 

Hydrogen, 4 977 

Sulphur, 2.824 

Nitrogen, - 1.668 

Oxygen and loss, ..-.---- 10.322 

Ashes. 6800 

100.000 
Submitted to destructive distillation, as above described, the Ice- 
house Coal gdve, frona a thousand grains, — 
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108.00 grains of heo-vj, thick, dark, crude oil; 

73.00 grains of dark colored ammoniacal water, having the odor of 
creosote; 
714.00 grains of coJce, (ra'jher dense); 
Leaving 105.00 grains for ffas and loss. 



The gas collecTted measured 465. cubic inches, and did not possess 
very high illuminating power. It was greatly contaminated with sul- 
phuri.'it'^il hydrogen, from the large proportion of sulphur contained 
in th'-:- coal. 

For comparison with these Kentucky coals, I have appended at the 
end of this report an ultimate iinalysis of the Yougtiogheny coal, of 
Pennsylvania, Wiiich is geaerally preferred in this region for the man- 
ufacture of illuminating gas. 

No. ICG — Coal. Labeled "Coal from Casey'' s inivc, near Casey ville, 

Union counfy, KyP 

This coal, of which the pronmate analysis was given in the former 

report, page oCil, has been submitted to ulUninJe analysis, with the fol- 
lowing results: 

Carbon, - - 74.309 

Hydrogen, -.- ...... 5.244 

Sulphur, .... - . - - .880 

Oxygen, nitrogen, and loEs, .... . 11.967 

Ashes, 7.600 



100.000 



WARREN COUTNY. 

No. 417 — LiMONiTE. Labeled "Hydrated Oxide of Lron, in the ridge 

above llir ronglo)ncrafe, aiiiony:4 sandstone; ivatcrs of Claylick creek, 
seven mites above the month of Barren river, Warren county, Ky." 
Exterior crust an irregular layer of dense, hard, dark-brown limon- 

ite, with a few minute specks of mica; interior friable, yellowish, and 

reddish ochreous matter. 



47.02 per cent, of Iron. 



Oomposition, dried at 212° F. — ■ 




Oxide of iron, 


- 87.14 


Alumina, 


.80 


Phosphoric add, 


.86 


Carbonate Of Hmte, - 


- ■?" 


MSgnbslB, 


. .^1 
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Brown oxide of manganese, 


- 1.37 


Potash, 


.37 


Silex and insoluble silicates. 


- 17.95 


Combined water. 


- 11.16 



100.69 

The air-dried ore lost 0.70 per cent, of tmisture at 212°. 

WAYNE COUNTY. 

No. 450 — LiMONiTE. Labeled "Bog Iron Ore; Meadow creek, Wayne 

county, Ky''' 
A friable, dark-brown mineral; adhering to the tongue; presenting 
many irregular cavities, lined with lighter colored material; powder of 
a dark-brown color, becoming of a lighter-brown by calcination. 
Composition, dried at 212° F. — 

23.70 = 16.59 per cent, of Iron. 



Oxide of iron. 


- 23.70 


Alumina, 


- 6.02 


Phosphoric acid, 


1.13 


Lime, a trace. 




Magnesia, 


.71 


Brown oxide of manganese. 


- 6.62 


Potash, 


.42 


Soda, - 


.16 


Silex and insoluble silicates. 


62.35 


Combined water. 


8.91 



100.00 

The air-dried ore lost as much as 5.80 per cent, of moisture at 212° 
F. 

Too poor to be smelted alone, and containing too much phosphoric 
acid to be desirable for mixture with the richer ores of iron. The pro- 
portion of oxide of manganese in this ore is quite considerable. 

No. 453 — LiMONiTE. Labeled "Iro7i Ore from the Old Iron Works, 

Wayne county, KyP 
A dark, reddish-brown, dense limonite, with numerous irregular cav- 
ities. Powder of a rich maroon color. 
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SpeciEo gravity, 


- 


3.252 


Composition, dried at 212° F. — 






Oxide of iron. 


- 58 30 = 


40.82 per cent, of Iron. 


Alumina, 


1.35 




Phosphoric acid. 


.70 




Carbonate of lime. 


.45 




Magnesia, 


.37 




Potash, 


.21 




Soda, - 


.03 




Silex and insoluble silicates. 


- 36.35 




Combined water. 


- 3.99 





100.75 

The air-clried ore lost 1.90 per cent of moisture at 212° F. 
A very good silicious iron ore, which requires only the addition of 
limestone to flux it in the furnace. 

No 229 — Soil. Labeled ^'■Average quality of the "Barren'''' soil of 
Wujjne county, Ky; liidwry and black oak land, u'afcrs of 3Ieadoiv 
creek; based on a reddish ferruginous sub-soil. {Sub-carboniferous 
Limes/one Forniidion, or Slylina Chert"^ 

Color of the dried soil dark-brownish-grey. Washed with water, 
one thousand grains of this soil left four hundred and ninety-eight 
and a half grains of brown-grey sand, generally very fine, and contain- 
ing ninety-one gr dns of coa,iser sind, the particles of which, examin- 
ed with the lens, were hyaline, milky, and yellow quartz, with small 
rounded fragments of a ferruginous mineral. 

One thousand grains of the air-dried soil, digested for a month in 
water contdning carbonic acid, gave up more than two grains and a 
half of brotun extract, dried at 212°, which was found to consist of the 
following ingredients, viz : 

Grains. 
Organic and volatile matters, ---. -- 1.170 

Alumina, oxide of iron, and phosphates, .... .223 

Lime, - - - .330 

Magnesia, - - - - - - .120 

Sulphuric acid, ... . - - .151 

Potash, .... . _Qgg 

Soda, ... .... ... .067 

Silica, -- .... . -.140 

Oxide of manganese, chlorine, and loss, - - . .264 

2.661 
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The air-dried soil lost 3.16 per cent, of moisture at 380° F.; dried 
at which temperature, it was found to have the following composition, 
viz: 

Organic and volatile matters, - . 6.370 

Alumina, - - - - 4.326 

Oxide of iron, - . . 2.626 

Carbonate of lime, ..-. .... .266 

Magnesia, - .... . 345 

Brown oxide of manganese, - - - - .236 

Phosphoric acid, - - - - - .036 

Potash, .. .116 

Soda, ... J 36 

Sand and insoluble silicates, 86.066 

Sulphuric acid, chlorine, and loss, ... . .687 



100.000 
The only essential ingredient of this soil, which falls far below the 
average proportion, is the phosphoric acid. The application to it of 
bone-dust, or other phosphatic manures, would no doubt be greatly ben- 
eficial. Guano, Poudrette, super-phosphate of lime, &c., in mixture 
with ordinary barn-yard manure, would greatly increase its fertility. 

No. 234 — Soil. Labeled ^^ Meadow creek soil, Dougherty farm, Wayne 
county, KyT "See Dr. Owen's notes.'''' 

In lumps, like dried clay; nearly black; of the color of onion 
seed. {^Sub-carhoniferous Limestone Formation.) 

Washed with water, one thousand grains of this soil left onlj 177-^ 
grains of fine black sand, &c., which contain only twenty-two grains 
of coarser particles, part of which were blackened vegetable remains, 
which, when removed by burning, left about 16^ grains coarse sand, 
consisting of rounded particles of milky quartz, carnelian?, and a hard 
ferruginous mineral. 

One thousand grains of the air-dried soil, digested for a month in 
water containing carbonic acid, gave up more than eight and a half 
grains of brown extract, dried at 212°. The infusion, before evapora- 
tion, had a smell like that of stable manure, or rotten straw ; and the 
extract, when moistened, had the same odor. 

The composition of this watery extracts was as follows : 

35 
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Grains. 

Organic and volatile matters, ... - - 4.120 

Alumina, oxide of iron, and phosphates, - - - .348 

Carbonate of lime, .... . . 3.773 

Magnesia, - - - ... .023 

Potash, - - - - .034 

Soda, - - ... .058 

Silica, ... - ... .178 

Oxide of manganese and sulphuric acid, not estimated. 



8.634 
It is probable that much of the lime stated as carbonate of lime was, 
in the extract, united with organic acids, which, when burnt out, left it 
in combination with carbonic acid. This soil contains a considerable 
proportion of such compounds, and hence the large amount of extract 
taken up by the carbonated water. 

Dried at 365° F., the air-dried soil lost 8.28 per cent, of moisture! 
Thus dried its composition is as follows : 

Organic and volatile matters, - - - - - 21.660 

Alumina, ... . . . 10.240 

Oxide of iron, .... .... ' 3.120 

Lime, - - - - - 1.021 

Magnesia, - - ....... .922 

Brown oxide of manganese, - ...... .078 

Phosphoric acid, - - - - - .229 

Sulphuric acid, not estimated. 

Potash, - . - .361 

Soda, - - - .123 

Sand and silicates, ... . . 62.606 



100.150 
A remarkable soil, from the very large proportion of organic mat- 
ters which it contains. Its contents of lime, phosphoric acid, pot- 
ash, and^ soda, are also above the average. If properly drained it 
would prove a very productive soil. Its very dark color would cause 
it to become very warm under the action of the sun, in consequence 
of its great power of absorbing heat. 

WHITLEY COUNTY. 

No. 231 — Soil. Labeled "Soil, from the Coal Measures of Whitley 
county, slope of the Clear fork, where the ferruginoiis shales prevail. 
JSfatiiral growth Beech, White Oak, and Hickory''' 
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Color of the dried soil yellowish-grey or buff-grey. It contiiins 
flat, angular fragments of ferruginous sandstone and iron ore. Wash- 
ed carefully with water, one thousand grains left 466. grains of dirty 
buff-grey sand, mostly fine enough to pass through the finest bolting 
cloth, but containing 144 grains of coarser sand, the particles of 
which, examined with the lens, were rounded quartz grains — hyaline, 
milky, and yellow — with small fragments of a ferruginous mineral, 
with the angles rounded. 

One thousand grains of the air-dried soil, digested for a month in 
water containing carbonic acid, gave up more than two grains of brown 
extract, dried at 212°, of which the coiuposition was — 

Grains. 
Organic and volatile matters, - .... 1.160 

Alumina, oxide of iron, and phosphates, - - - .218 

Carbonate of lime, .....-.-- .068 

Magnesia, - .023 

Sulphuric acid, .129 

Potash, .054 

Soda, .161 

Silica, . - .... .090 

Oxide of manganese and loss, - - - -339 

2.222 

Dried at 390° this soil lost 3.28 per cent, of moisture, and present- 
ed the following composition: 

Organic and volatile matters, - 6.300 

Alumina, 3-260 

Oxide of iron, - 5.660 

Carbonate of lime, .076 

Magnesia, - .121 

Brown oxide of manganese, -420 

Phosphoric acid, - .165 

Sulphuric acid, .322 

Potash, - -• - - - -170 

Soda, • -147 

Sand and silicates, ""' 80.786 

Loss, .,.....•--• .673 

100.000 



276 CHEMICAL KEPORT OF GEOLOGICAL SUEVET. 

No. 447 — Carbonate of Iron. Labeled "Carbonate of Iron, the so- 
called silver ore of Sfvlffs mine, Lo^ Mountain, Whitley county, Ky." 
{■'White Mineral Hydrated Silicate of AluminaV) 

A dark-grey nodular carbonate; not adhering to the tongue; ex- 
hibiting minute quartz crystals, specks of pyrites, and incrusted, in 
parts, with quartz and another white mineral, which was found to be 
the silicate of alumina; powder of a mouse-grey color. 

Composition, dried at 212° F. — 

= 39.20 per cent, of Iron. 



Carbonate of iron, - 


78.36 


Oxide of iron, ... 


3.36 


Carbonate of lime. 


.88 


Carbonate of magnesia, - 


2.67 


Carbonate of manganese. 


1.49 


Alumina, .... 


.58 


Phosphoric acid, 


.63 


Sulphur, .... 


.26 


Potashf .... 


.29 


Soda, .... 


.45 


Silex and insoluble silicates, 


9.88 


Organic matter, trace of copper, 




and loss, ... 


1.16 



100.00 
The air-dried ore lost 20 per cent, of moisture, at 212". 

No. 199 — Carbonate OF Ieon. Labeled ''Nodular Carbonate of Iron, 
found ill the shale at the Falls of the Cumberland river, Whitley coun- 
ty, Ky. The so-called silver ore of Cumberland Falls." 
Of a dull dark-grey color, with infiltrations of a small quantity of 
whitish mineral, (silicate of alumina,) in the fissures; scarcely ad-^ 
Bering to the tongue; powder of a yellowish-umber color. 

Oqmpotition, dried at 212° F. — 

Carbonate of iron, - - - 73.13) „„ „. . , , 

p. . , f . „ ^ n..f ~* 3B-81 per cent, of Iron, 

Oxide of iron, ... 4.94) *^ 

Carbonate of lime, - - 1.15 

Carbonate of magnesia, . - 1.59 

Carbonate of manganese, - 3,74 

Alumina, - • . - ,79 

Phosphoriq acid, ... ,\q 

Sulphur, .... .09 

Potash, • • - - ,39 
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Soda. - - .19 

Bituminous matters, - - 3.25 

Silex and insoluble silicates, - 9.96 

Moisture and loss, - - .63 



100.00 

The air-dried ore lost 0.50 per cent, of moisture at 212°. 

The above analysis of this somewhat notorious ore was made at this 
laboratory before it was known to me that Dr. Owen had also made a 
full examination of the same mineral, the results of which are publish- 
ed on page 235 of his first report. Indeed, this ore has been frequent- 
ly examined, in consequence the wide prevalent belief, a few years ago, 
that it contained a considerable proportion of silver. Whatever 
may have been the motives prompting those who originated the state- 
ment that the Cumberland Falls Iron Ore was rich in silver, it is cer- 
tain that a great number of person were deluded into the purchase 
of shares in a stock company, which was organized for working this 
new Potosi. The excitement, about the latter end of the year 1850, 
was so great on this subject that individuals in other states were induc- 
ed to leave their homes in order to embark in this flattering pursuit; 
and even now, the writer is informed, a hope still lingers in the minds 
of some in the neighborhood of the falls that some day a man "well 
versed in the working of metals" may come along, who, by his mc- 
talurgic skill, will change their iron ore into silver — a feat which was 
for a time played off before the excited stockholders, to the extent of 
exhibiting five or ten cents worth of silver from his crucibles, by a Cor- 
nish miner, who had been employed by the prime movers of the spec- 
ulation. 

The ore is a very good iron ore, approaching the so-called ilmk-band 
ore in its composition, but not containing as much bituminous matter 
as that variety. It could be quite economically smelted into a good 
quality of iron. 

1^0. 448 — LiMONiTB. Labeled "Iron Ore, head waters of 3Iud creek^ 

Whitley county^ Ky.''"' 
A dense, compact, limonite, of a dark -brown color; nearly black; 
exhibiting some lustre; some surfaces covered with red and yellow 
ochreous mineral; a few irregular cavities throughout the mass; pttw- 
d©rof arich light y-ellowisb-browu. 
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Specific gravity, 
Composition, dried at 212° F. — 
Oxide of iron. 


80.50 = 


- 3.711 

: 66.37 per cent, of Jron. 


Alumina, 


1.88 




Brown oxide of manganese, 


.18 




Phosphoric acid, 
Carbonate of lime, - 


.37 
.18 




Magnesia, 

Potash, ... 


.80 
.20 




Soda, 


.19 




Silex and insoluble silicates, 


- 2.48 




Combined water, 


- 12.66 




Loss, .... 


.56 





100.00 

The air-dried ore lost 1.30 per cent, of moisture at 2]2°F. 
A very pure hydrated oxide of iron — so pure that some poorer ore 
must be mixed with it to smelt it successfully in the high furnace. 

No. 449 — Carbonate OF Iron. Labeled " Carbonate of Iron, iv ell at 
Mr. xS'ears', moicth of Poplar creek, Whitley county, Ky^ 

A dark grey, fine granular, dense ore; in parts changed into brown 
and yellowish-brown; adhering to the tongue; powder dark-yellowish- 
grey. 

- 3.432 

■■ 37.60 per cent, of Iron. 



Specific gravity. 




Composition, dried at 212° F. 




Carbonate of iron, - 


- 67.72i 


Oxide of iron, 


- 6.991 


Carbonate of lime. 


3.38 


Carbonate of magnesia, - 


- 10.05 


Carbonate of manganese, 


.70 


Alumina, 


i.58 


Phosphoric acid. 


.76 


Potash, 


.30 


fioda, ... 


.11 


Sikx and insoluble silicates. 


- 8.48 



100.07 

The air-dried ore lost 0.60 per cent, of moisture at 212°. 

No. 451 — LiMONiTE. Labeled ^^Iron Ore, south part of Pine Mouri' 
tairi, Whitley county, Ky^"* 

A dark red-brown friable limonite; irregularly ine celluiftr;. powder 
of a dull red color. 
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Composition, dried at 212° F. — 






Oxide of iron, 


63 60 = 


44,53 per cent, of Iron, 


Alumina, 


- 2.98 




Phosphoric acid, 


.31 




Sulphur, 


.85 




Brown oxide of manganese. 


.31 




Lime, a trace. 






Magnesia, 


.30 




Potash, 


.34 




Soda, 


.29 




Silex and insoluble silicates, 


17.25 




Combined water, 


13.75 




Loss, 


.02 





100.00 

The air-dried ore lost 4.00 percent, of moisture at 212°. 
This ore would require no addition but that of limestone to flux it 
in the furnace. 

WOODFORD COUNTY. 

No. 547 — LiMESTOTiE. Labeled ^'Lejotcena Limestone, under the fine 
Woodford soil, near Versailles, Woodford county, Ey. {Loioer Si- 
lurian Blue Limestone^^ 

Very full of fossil remains, (shells, coral, and crinoid stems;) fresh 
fracture, of a dark-grey color, glimmering with minute facets of cal- 
careous spar; weathered surfaces dirty -buff, and very irregular from 
rapid disintegration ; powder of a light-buff-grey color. 
Composition, dried at 212° F. — 



Carbonate of lime, - 


- 


91.33 = 


61.25 Lime. 


Carbonate of magnesia, 


- 


.66 




Alumina, and oxides of 


iron and 






manganese. 


- 


1.63 




Phosphoric acid, 


- 


.70 




Sulphuric acid. 




.33 




Potash, - 


- 


.34 




Soda, - 


- 


.43 




Silex and insoluble silicates, 


6.18 





100.40 

The air-dried rock lost 0.20 per cent, of moisture at 212° F. 



280 CHEMICAL REPORT OF GEOLOGICAL SURVEY. 

No. 548 — Limestone. Labeled "Hill at Shryock's ferrij, Woodford 
counfy, Ky. {Bird''s-eye Limestone'^ of the Lower SUurian Forma- 
tion.") 

A compact, very fine grained rock, with casts of fucoid stems (?) 
passing perpendicularly through it, which are filled with pure calcare- 
ous spar; of a handsome yellowish-grey color; powder white. 

2.705 



Specific gravity, 




- 


ComjJosition, dried at 212° F. — 






Carbonate of lime, 


94.75 = 


= 63.17 of Lime 


Carbonate of magnesia. 


1.96 




Alumina, and oxide of iron, &c., 


.63 




Phosphoric acid, a trace. 






Sulphuric acid. 


.30 




Potash, 


.23 




Soda, 


.32 




Silica and insoluble silicates, - 


2,18 





100.37 

The air-dried rock lost 0.20 per cent, of moisture at 212°. 

This limestone being harder, of less easy disintegration under at- 
mospheric influences, and containing less phosphoric acid and alkalies 
than the preceding, will not contribute so much mineral fertilizing 
matter to its super-incumbent soil as that rock, or as the one which 
immediately follows this. 

No. 549 — Limestone. Labeled, "Bellerophon Limestone, {"JYiffger- 
head,") near Versailles, Woodford counbj, Ky.'''' 
A light-grey, granular limestone, full of fossils, glistening with 
small facets of calcareous spar, and exhibiting some yellowish-brown 
infiltrations of oxide of iron. 



Composition, dried at 2 12° F. — 






Lime, 


64.12 = 


= 96.24 carbonate of Lime, 


Magnesia, . - - - 


.45 




Carbonic acid, 


41.90 




Alumina, and oxide of iron, &c.. 


1.04 




Phosphoric acid. 


.63 




Sulphuric acid. 


1.78 




Potash, 


.48 




Soda, . - - - 


.39 




Silex and insoluble silicates, - 


.78 





101.67 

The aix-dried rock lost 6.20 per cent of nwisf/ure at 212° F. 
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No. 550 — Soil. Labeled "Virffin Soil, from Judge R. C. Graves' 
farm, tvater-shcd bcttvem Greers creel: and Clear creek, near Ver- 
sailles, Woodford county, K//. JVatiiral growth — hackberry, ash, 
walnut, mulberry, box elder, 4'c. One of the best soils of Ky." 
Color of the dried soil dirty-brown, or light-umber, with a slight 
tint of reddish. One thousand grains of this soil, carefully washed 
with water, left about 688. grains of light-umber colored sand, of 
which only about 90 grains was too coarse to go through the finest 
bolting cloth. This coarser portion of the sand, is composed of small 
rounded grains of soft iron ore, and of harder dark ferruginous min- 
eral, with very few rounded quartzose particles. 

One thousand grains of the air-dried soil, digested for two months 
in water containing carbonic acid, gave up more than six grains of 
yellowish-brown extract of the following composition, dried at 212°, 
viz: 

Gi-ains. 

Organic and volatile matters, - 0.210 

Alumina, oxide of iron, and phosphates, - - - .888 

Brown oxide of manganese, ... . .493 

Carbonate of lime, - - 3.377 

Magnesia, .... - . . .230 

Sulphuric acid, - - - - .662 

Potash, - - .100 
Soda, a trace. 

Silica, - .149 

6.014 
The air-dried soil lost 4.70 per cent, of moisture at 400°; dried at 
which temperature its composition is as follows: 

Organic and volatile matters, ... - 7.771 

Alumina, and oxides of iron and manganese, - - - 12 961 

Carbonate of lime, - - - 2.464 

Magnesia, ... - .173 

Phosphoric acid, - - - .319 

Sulphuric acid, - - - - - .160 

Potash, . - - - .394 

Soda, ... • - .130 

Sand and insoluble silicates, - - 75.266 

Loss, - - -372 

100.000 
86 
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No. 551 — Soil. Labeled '■'Same soil as the preceding, from a field in 

constant cultivation since 1808, tuhm a crop of liemp loas raised; it 

has been fourteen years in hemp; average of the last year s (1855) 

crop of corn eighteen to tioenty barrels, {of five bushels each,) to the 

acre; it has produced thirty four bushels of ivheat to the acre; Judge 

Graves' farm, near Versailles, Woodford county, .51/." 

Color of the soil like that of the preceding, but a little lighter. 

Carefully washed with water one thousand grains of this soil left 490 

grains of light-umber colored sand, of which fifty-four and a half 

grains would not pass through fine bolting cloth, and were composed 

principally of small rounded particles of soft iron ore, and of red and 

brown ferruginous quartz, and a few irregular fragments of milky 

quartz. 

One thousand grains of the air-dried soU, digested for two months 
in water containing carbonic acid, gave up more than three and a half 
grains of grey-broivn extract, dried at 212°, the composition of which 
was — 

Grains. 
Organic and volatile matters, - - - - 0.530 

Alumina, and oxide of iron and phosphates, - - ,198 

Carbonate of lime, - .... 2.248 

Magnesia, - - - ... .Ig3 

Sulphuric acid, - .223 

Potash, - - .131 

Soda, - - - .035 

Silica, - ... .... . 089 

Brown oxide of manganese and loss, - .103 



3.720 
The air-dried soil lost 4.60 per cent, of moisture at 400° F.; dried 
at which temperature its composition is as follows : 

Organic and volatile matters, - . - 6.513 

Alumina, and oxides of iron and manganese, - - 13.344 

Carbonate of lime, - - . - 2.734 

Magnesia, - . - . - .333 

Phosphoric acid, ... . 306 

Sulphuric acid, - - - .037 

Potash, - - - .206 

Soda, not estimated. 

Sand and insoluble silicates, 77.594 

100.066 
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By comparison of this analysis of the soil of the old field with that 
of the virgin soil of the same locality, given above, the following in- 
structive facts may be observed, viz: that by cultivation the soil has 
lost much of its soluble materials, which are dissolved by water con- 
taining carbonic acid, as well as of its organic and volatile mailers; it is 
therefore lighter colored, and has a somewhat lower power of absorbing 
heat and moisture, than the virgin soil. 

When we examine critically what mineral ingredients have been re- 
moved by the long series of cropping, we do not observe that the loss has 
fallen on the sand and silicalcs, or on the alumina and oxide of iron, 4*c., 
but upon those substances which always exist in soils in small relative 
proportions, and which are essential to all vegetable growth, viz: the 
potash, soda, lime, phosphoric acid, and sulphuric acid. From some 
accidental cause the magnesia, which is also an element of vegetable 
tissues, appears to be in larger proportion in the old soil than in the 
new. Upon the whole, however, there is less loss of these valuable 
ingredients than might have been expected, probably from the circum- 
stance that in the cultivation of hemp, with which the ground had been 
occupied for a considerable portion of the time, when the plant is rot- 
ted on the ground on which it is grown, and nothing finally removed 
from it but the lint or fibre, very little is carried off from the soil ex- 
cept lime and potash, and the other ingredients in minor proportion. 
If the whole hemp plant is removed from the soil, and water-rotted, 
not even the hemp-herds being restored to it by burning, the deterior- 
ation which results is much greater. Had this soil been cultivated 
wholly in corn, small grain, and such crops as tobacco, potatoes, &c., 
the chemical analysis would have shown a much greater loss from it of 
the elements of vegetable nutrition. Probably, also, the corn raised 
on this ground was habitually fed to hogs and cattle on the spot — a 
very common practice in Kentucky — so that, finally, nothing was re- 
moved from it, of its essential mineral ingredients, but that quantity 
which entered into the composition of the bones, flesh, and fluids of 
these animals. 

No. 552 — Sub-soil. Labeled ^^ Suh-soil from afield wUcTi has been in 
cultivation ever since 1808, /arm of Judge R. C. Graves, two miles 
south of Versailles, Woodford county, Ky" 
Color of the driedrsub-soil dark yellowish dirty^brown. 
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One thousand grains, when washed in water, left 664. grains of 
brown-grey saiid, of which only 75. grains were too coarse to pass 
through the finest bolting cloth, and this was principally rounded par- 
ticles of soft iron ore, which could be crushed in the fingers, and a few 
rounded quartzose gr.iins. 

One thousand grains of the air-dried soil, digested in water contain- 
ing carbonic acid for two months, gave up nearly five grains of yellow- 
ish-brown extract, dried at 212°, which had the following composition: 

Grains. 

Organic and volatile matters, - - 0.850 

Alumina, oxide of iron, and phosphates, .379 

Carbonate of lime, - 2.817 

Magnesia, - - - .093 

Sulphuric acid, - - ,4)9 

Potash, .177 

Soda, - - ... .010 

Silica, - - . .129 

Oxide of manganese and loss, - .076 



4.950 



o 



The air-dried sub-soil lost 4.52 percent, of moisture at 400 
Dried at which temperature its composition is as follows: 

Organic and volatile matters. 

Alumina, and oxides of iron and manganese, 

Carbonate of lime, - - - . 

Magnesia, 

Phosphoric acid, 

Sulphuric acid, 

Potash, 

Soda, 

Sand and insoluble silicates, 

100.607 

This sub-soil is as rich as the original virgin soil. 

No. 553 — StJB-soiL. Labeled "Red clan, vnder the sub-soil, from Judge 
R. C. Graves' farm, near Versailles, Woodford count!/, Ky^' 

Color of the dried sub-soil dirty light-reddi&h-brown. 

One thousand grains left, after careful washing in water, 680 grains 
of reddish-brown sand, of which 403 grains were too coarse to go 
through the finest bolting-clofth, and consisted mainly of rounded pai^ 



6.460 


13.773 


3.476 


.354 


.447 


.0:2 


.498 


.095 


76.434 
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tides of yellowish-brown and dark-brown iron ore, so soft as to be 
easily crushed in the fingers, with a very few small quartzose frag- 
ments. 

One thousand grains of the air-dried sub-soil, digested for two 
months in water containing carbonic acid, gave up only one grain of 
hromiish exlract, dried at 2.12°, of which the composition was — 

Grain. 

Organic and volatile matters, - 0.300 

Alumina, and oxides of iron and manganese, and phosphates, .078 

Lime, .... . . .163 

Magnesia, - - - .073 

Sulphuric acid, ... . . .]86 

Potash, - - - .067 

Soda, - - .013 

Silica, - - - .099 

Carbonic acid and loss, .022 



1.000 
Dried at 400° the air-dried sub-soil lost 5.04 per cent, of moisture; 
thus dried its composition is as follows: 

Organic and volatile matters, - 6.065 

Alumina, and oxides of iron and manganese, - - - 33.377 

Carbonate of lime, - - -138 

Magnesia, ... - - .0.0 

Phosphoric acid, - - - - -383 

Sulphuric acid, - - ... - .198 

Potash, - - -234 

Soda, - - -127 

Sand and insoluble silicates, - - - - 69.360 

Loss, - ... - .038 

100.000 
In view of the large proportion of alumina and oxide of iron, &c., 
in this 'red clay' it is probable that some of the 6.0G5 grains, stated 
above as the organic and volatile matters, is simply water. 

This clay contains rather more phosphoric and sulphuric acids than 
the super- incumbent soil, but much less of carbonate of lime; the 
potash is in about average proportion. Its great peculiarity is the 
large amount of alumina and oxide of iron which it contains; and 
these, by their strong affinity for organic matters, prevent the solu- 
tion of much solid matter by the carbonated water. 
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From the foregoing analyses of the soils and sub-soils of this part 
of Woodford county it is evident, that whilst deep ploughing into the 
immediate sub-soil would be quite beneficial to growing crops, the 
heavy, red dan under the sub-soil would not add any thing peculiarly 
valuable to this rich soil, which already has enough of alumina and 
oxide of iron in its composition to make it a loam very favorable for 
cultivation. 

ILLINOIS. 

No. 5-54 — Soil. Lahdcd "tSoil ialcen from just under the neivly uptmii- 
ed original sod of the prairie, opposite to Keokuk, Iowa, afeiv {about 
eight) miles hack from the Jlississijipi river, on the Illinois side.'''' 
The dried soil is of a dn-k mouse-color, almost black; Avithout any 
appearance of pebbles or gravel; under the microscope showing very 
fine glimmering grains of sand. This was not submitted to the sol- 
vent action of water charged with carbonic acid, to which it would 
doubtless give up a considerable amount of solid cxlraci. 

Dried at 300^ it lost 3.28 per cent, of moisture; and, thus dried, 
was found to have the following composition, viz: 

Organic and volatile matters, ... - . 9.050 

Alumina, - - 2 405 

Oxide of iron, .-.--. g g^Q 

Carbonate of lime, - - - -^, . . . ggg 

Magnesia, ... . . g^g 

Phosphoric acid, • . j^g 

Sulphuric acid, not estimated. 

Potash, -- ---.. 197 

Soda, - - - . . . .,00 

Sand and insoluble silicates, - - . . . g^ ^^o 



100.163 
This analysis of the prairie soil of the north-western pirt of Illinois 
was introduced for the purpose of comparison with the soils of Ken- 
tucky. The specimen analyzed was collected by the writer himself 
in October, 18-55. 

Notwithstanding the luxuriance of the growth of the first crops on 
the prairie soil, occasioned partly by the large amount of av.iiiable 
nourishing matter afforded by the decay of the thick sod, it is evident, 
from the above analysis, that, taking into consideration durability as 
well as immediate feriiUiy, as ascertained by the chemical analysis of 
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the soil itself, apart from the sod, there are many of our Kentucky- 
soils — which take the second rank when compared with those of the 
Hue-grass region — which yet are fully equal to the prairie soil. The 
reader may turn, for comparison, to the analysis of Mr. Barlow's soil, 
Barren county; to that of the virgin soil of Mr. O'Bannon's farm, 
Jefferson county; and to that of the virgin soil, on Benson creek, 
Franklin county, &c., &c., all in the present volume. 

Compared with the first rate soil of Kentucky, that of the prairies 
contains a much smaller proportion of alumina and oxide of iron, as well 
as of lime, magnesia, phosphoric acid, and alkalies. It contains a much 
larger amount oi fine sand, and doubtless a larger proportion of the 
coarser sand, than our best soils; and, therefore, whilst its large quan- 
tity of 07-ganic matters is held in the soil with a small force of attrac- 
tion, (because of the large proportion which the sand and silica bear to 
the alumina and oxide of iron,) and hence they are readily soluble and 
immediately available in the production of luxuriant crops, these very 
circumstances will cause its more speedy exhaustion; and, when this 
accumulated deposit has been consumed by thriftless husbandry, this 
soil must sink down to a second-rate position. Yet, from its lightness, 
it is admirably adapted to garden purposes, sustained, as it should be, 
by the judicious supply of manures. 

PENNSYLVANIA. 

No. 555 — Coal. Labeled '■'■Youghioghemj Coal, Pennsylvania^'' 
A good specimen obtained from the Lexington Gas Works, and an- 
alyzed for the purpose of comparison of our Kentucky coals with a coal 
of well known good qualities. 

Specific gravity, - - 1.329 

Proximate Analysis. 

Moisture, - - 1-00| Total volatile matters, - 36.00 

Volatile combustible matters, - 35.00) 

Carbon in the coke, - 68.40) j^j^j^^ gpongey coke, 64.00 

Ashes, (lilac-grey,) - 6-60) 

100.00 100.00 
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Ultimate Analysis. 

Carbon, - 78.437 

Hydrogen, - 6.689 

Nitrogen, - - 1.319 

Oxygen and loss, - - 8.565 

Ashes, .600 
Sulphur, not estimated. 

100.000 

It will be seen that several of the Kentucky coals compare very 
favorably with this well known soft bituminous coal, which is 
much esteemed by the blacksmith, and for gas and coke: we may 
refer particularly to Garrard's coal, Clay county, and to several of 
the coals of Union and Crittenden counties, which are good coking 
coals. 

To make the comparison more extensive this coal was submitted to 
distillation, at a temperature slowly raised to the red-heat, to ascertain 
the relative amount of oils and gas produced. One thousand grains 
of the air-dried coal gave, of 

Grains. 
Thick brownish-black crude oil, - 136 

Purplish ammoniacal water, 62 

Light cellular coke, - 710 

Lcdiving for gas and loss, - 102 



1000 

The gas collected measured 545. cubic inches, and had pretty good 
illuminating power, but not better than that from Mulford's coal, if as 
good. 

This result does not, of course, represent the relative quantity of 
illuminating gas which the coal would yield if heated under conditions 
favorable for the production of gas. When distilled, as this and all 
the Kentucky coals examined were treated, at the lowest heat which 
would cause their decomposition, in order to produce as much as possi- 
ble of the liquid and solid hydrocarbons, the quantity of gas obtained 
is jilways very much less than could be produced from the same coal 
suddenly exposed to a red heat, in the gas retort; but, as all the coals 
examined were submitted to the same low temperature, it is believed 
that the relative quantity of gas collected would give a correct idea of 
their gas producing powers under more favorable conditions. 
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TABLE 9. Comparative Vegetable Ash Analyses. 



By whom analyzed — 


Merz. 




\Va 


y and Ogston. 




G. Reich. 










Red 

clover. 


Turnip. 






Tobacco. 


White potatoes. 






Hemp. 








Kind of vcget;iblf,&c 


Dried 








Green topped white. 






Tubers. 


Stalks. 


T. pra 










Whole 




leaves. 
26.96 






tense. 
36.45 


Root. 


Leaves. 
12.63 


plant. 


Potash, - 


50.89 


11.44 


48.56 


15.82 


Soda, 


a.7R 


2.41 


- 




_ 


_ 


3.40 


Lime, 


39.53 


2 65 


37.n-2 


22.62 


6.73 


28 73 


35 55 


Magnesia, 


9.61 


4.21 


6.110 


4.US 


2.26 


2.85 


7.67 


Oxide of iron. 


- 


1,06 


3.78 


.26 


.66 


.fill 


1.03 


Sulphuric acid. 


2.73 


3.19 


5.12 


i.es 


12.86 


7.83 


2.76 


Hydrochloric acid. 


- 


- 


- 


_ 


_ 


_ 


3.40 


Silica, 


4.51 


.91 


8 22 


.54 


.96 


9.05 


7.70 


Carbonic acid. 


_ 


12.14 


14.09 


23.47 


14.83 


14.64 


8.38 


Pho.ophorie acid, 


- 


17.15 


2.27 


6.71 


7.(j5 


3.15 


14.24 


Phosphate of iron. 


4.20 


- 


- 


- 


- 


- 


- 


Chloride of potassium, 


- 


- 


- 


2.39 


_ 


15.56 




Chloride of sodium. 


9.65 


5.3y 


12.06 


1.53 


5.44 


10.67 




Total, 


100.00 


99.99 


100.00 


99.95 


99.94 


99.96 


100.00 


Per centage of ash. 
















(a) in dried vegetable. 


23..33 


2.98 


15.00 


9.56 


7.40 


15.20 


*4.60 


(6) in fresh vegetable; 




.71 


2.25 


1.85 


.59 


1.S2 





* Fresh or dried? 
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INTRODUCTORY LETTER. 



To Dr. D. D. Owen, Priucipul Geologist: 

Sir: In obedience to your instructions, I herewith submit my 
report of the progress of the work intrusted to my direction, for the 
years 1S56 and 1857. 

The necessary instruments and outfit having been procured for 
camp No. 2, of the survey, this — the Western — corps was placed un- 
der the direction of Mr. Joseph S. Harris, late of the United States 
Coast Survey, who was dispatched to Hopkins county to resume the 
work of the late detailed survey at Mr. Watson's, near the line divid- 
ing Union f.nd Hopkins counties, on the line of the Caseyville and 
Providence road. 

Having accompanied this party to Hopkins county, a rapid recou- 
noissance was made of the district in which it had been proposed this 
corps should operate, meeting Mr. Harris from time to time, and di- 
recting his operations. 

After having obtained a sufficient knowledge of the country, laid 
out the work for Mr. Harris during my absence, and left such instruc- 
tions for the control of camp No. 2 as the requirements of the service 
seemed to warrant, I proceeded to organize corps No. 3, which was to 
enter upon the detailed survey of the Eastern Geological District. 

For this purpose I repaired to headquarters for the necessary funds. 
On my return to Louisville I found the sub-assistant, on whom I had 
relied for the Eastern corps, prostrated by sickness, and unable to take 
the field. At the time, being unable to procure a proper assistant to 
supply his place, I was compelled, on this account, to postpone, for a 
time, the organization of camp No. 3, for the eastern division; mean- 
while I concluded to make a reconnoisance of the country lying be- 
tween Louisville and the margin of the Western Coal Field, in Hancock 

39 
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count}', and thence through the country adjacent to the base line, 
which was to be commenced by the Western corps, No. 2, during the 
summer. In this examination, having again intersected the line of 
operation of the Western corps, on Drake's creek, I made all the ne- 
cessary arrangements with Mr. Harris for commencing the base line, 
and then proceeded into Crittenden and Livingston counties, to en- 
deavor to determine whether the coal region of Livingston county was 
an outlier, or an extended peninsula of the Coal Measures connected 
with the coal field in Union or Hopkins county. 

On my return, after consultation with the Principal Geologist, it 
was decided, as the season was so far advanced, and for the purpose of 
economizing the funds, to transfer the camp equipage and outfit of 
corps No. 1 for the use of corps No. 3. 

This camp was ordered to Louisville by land, while I proceeded by 
rail to Cincinnati, for the necessary instruments, and the chronometers 
which had been sent to the care of Professor Mitchell, of the Astron- 
omical Observatory, who had kindly undertaken to have them rated. 

I returned to Louisville by rail, and sent forward, by a special mes- 
senger, the instruments for the use of the base line party. Owing to 
the extreme low stage of the Ohio river, the messenger was detained 
on the road, and did not join the party for three weeks, and that corps 
were compelled to begin operations with such outfit as it already had 
on hand. 

The outfit having been completed for corps No. 3, the camp pro- 
ceeded by land through Paris, Bourbon county, to Greenup county, 
shipping by the river being out of the question. 

After having given the necessary directions for the guidance of 
corps No 3, to commence operations on Williams' creek^ at the mouth 
of the tunnel of the Lexington and Big Sandy railroad, for carrying 
out the detailed survey of Greenup county, in the Eastern Coal Field, 
and having seen that they were making good progress, I then proceed- 
ed, in advance of the corps, to make a reconnoissance of the country, 
and learn the key of these coal and iron measures, leaving the Eastern 
corps in successful operation. 

On the 12th day of October I left Greenup county and proceeded 
to join the base line party, in Hancock county. 

On the Isfc of November, the term of Mr. Harris' engagement hav- 
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ing expired, his corps was paid off, and the camp outfit, instruments, 
&c., were returned to headquarters. 

On my return to Louisville I found it necessary to return to Green- 
up county to settle up the outstanding accounts of corps No. 3. 

On my return home I made a rapid reconnoisasnce of the northern 
part of Greenup and Lewis counties, by the way of Springville and 
Vanceburg; thence by way of Clarksburg and Mt. Carmel to Flem- 
ingsburg, Fleming county; thence by Carlisle, in Nicholas county; 
thence to Paris, Bourbon county; thence to Georgetown, in h'cott 
county; thence to Frankfort, in Franklin county; thence to Shelby- 
ville, in Shelby county, to Louisville. 

Here I engaged the assistance of Mr. Edward Mylotte to aid in 
making up the office work of the operations, in Greenup and Carter 
counties, which will be submitted as soon as completed. 

I remain, &c., 

SIDNEY S. LYON, 
Assistant Geological Survey of Kentucky. 



REPORT 



Observations in Hopkins, Crittenden, Livingston, Caldwell, Christian, 
and Henderson Counties. 



In my former report it will be remembered that the out-crop of the 
lower coal measures, indicating the place of the Bell and Cook coals, 
which lie at the base of the first thousand feet of coal measures of 
Union and Crittenden counties, as exhibited on the map accompany- 
ing that report, was traced up the line of Trade water river, until it had 
been run to the line of Hopkins county, and carried through sections 
19 and 20, T. 5 S., R. 2 E. This line requires some modification 
since it crosses Tradewater river somewhere near the south boundary 
of section 19, T. 5 S., R. 2 E, and extends thence into Crittenden 
and Caldwell counties, making, near the corner of these counties, in 
the Hopkins county line, a long tongue of the coal measures, extend- 
ing to the south and east of Tradewater. For the position of this 
tongue see plat of part of Union, Hopkins, Caldwell, and Christian 
counties, for 1856 and 1857. 

The extension of the lower measures of the coal field, into the form 
above described, as to its outer boundary, has not produced a corres- 
ponding change in the line of out crop of the first, second, and third 
coals of the "Lower Coal Measures," which turn abruptly to the north 
and even north-westwardly, running in that direction from Providence, 
in Hopkins county, to the neigbourhood of Steuben's Lick, where the 
line marking these outcropping beds is deflected more eastwardly, and 
runs nearly with the line of the Hunting branch of Stuart's creek, to 
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its head, in Wright's ridge, when it takes n, bend to the south, and 
probably crosses the ridge near the Box Mountain Springs, thence 
down the line of Flat creek, to the Rocky Gap, while the eastwardly 
boundary of the outcrop of the lower measures, have, by the flatten- 
ing of the dip, and a succession of waves, faults, and breaks, been 
spread out on a horizontal surface from one and a half miles to ten or 
even fifteen miles. The lithological character of the measures has also 
experienced a change, not less noticeable, viz: the heavy masses of 
the Finnie Bluff, the Curlew, Ice-house, Little Vein, and the Anvil Rock. 

The sandstones are much diminished, and some of them are entirely 
lost, so much that a section at Wright's ridge, and eastwardly to the 
outcrop of the lower beds, here known as the Campbell coal, equiva- 
lent of the Cook coal, Woldridge, and Terry beds, equivalent to the 
Bell coal, the associated measures, well developed at the Ohio river, are 
here very obscure, and though more recognizable at Providence, still 
it would be hardly possible that the key of these measures could be 
obtained, either in the line of Wright's ridge or Providence, without 
first hftving obtained the clue at the Ohio river, and then having follow- 
ed the line of outcrop, in all its turnings, to Providence. 

Having thus been enabled to identify the equivalent beds at that 
point, and having obtained a hint of the changes to be expected fur- 
ther to the north, to enable the observer to identify the equivalent beds 
at Wright's ridge. 

At Providence the coals are much thicker and closer together than 
on the Ohio river, and the associated materials are more calcareous, and 
the angle of dip seems to be much flatter, since the first thousand feet 
has been spread out into a belt, ten miles wide, though the spaces be- 
tween all the coals, where the quantities have been obtained, are less, in- 
dicating a positive thinning out of the materials separating the coals, 
and those materials are of a character indicating a difierent condition 
from that controlling the deposition of the equivalent beds, twenty 
miles to the northwest. 

All the sandstones are thinner, and composed of finer grains, than 
those at the Ohio river; and in their stead we sometimes find limestone, 
black bituminous shales, and fine micaceous and shaly sandstones. 

The same remarks, here made for that part of the coal basin at 
Providence, and eastwardly to its edge, will apply, with slight modifi- 
cation, to the equivalent measures from the head of the Hunting 
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branch to the edge of the measures, south and east to the margin of 
the coal-field, near the head of Casselbury and Drake's creeks, in 
Christian county; these changes are especially noticeable at Mr. 
Williams', on the Madisonville and Hopkinsville road, on a tributary 
of Drake's creek, and at the Campbell and Woolridge mines, five miles 
distant, on the waters of Casselbury creek. 

In a line stretching nearly east from Providence, is a range of hills, 
cut through by various creeks, and which extends to and connects with 
a range of hills on the south east side of Tradewater river. This 
range is evidently an axis of elevation, and there are corresponding 
basins or troughs on the north aad south side of this line. That on 
the south side lies in a line nearly southeast and northwest, beginning 
in the coal measures, and extending toward the outer edge of the basin, 
into Caldwell county. This trough is much narrower than that on 
the north side of the ridge, which covers all the space between its line 
and the base of Wright's ridge, on its southwest side, being from eigh- 
teen to nineteen miles wide in the line of its greatest developement. 

This great extent of country, eighteen miles long, with the margin 
of the outcropping coals, and from ten to twelve miles wide, at right 
angles with this course, includes a district of country generally level 
and rich, intersected only by spurs of Wright's ridge, dividing the 
water courses; many of the valleys are flat and low. These spurs of 
the ridge may be regarded as the distant, feeble efforts of the mighty 
power that raised the surrounding margin of millstone grit, and the sub- 
carboniferous limestone, which forms the rim. 

Though the prolongation of the Bald hill disturbance is not so con- 
spicuously marked, by high and abrupt ranges in Hopkins as in 
Union county, still the configuration of the country seems to warrant 
the opinion that one branch of this disturbance has been extended in- 
to Hopkins and Christian counties, and that the same dome-like 
method observed in Union county has also been exhibited along its 
course through Hopkins county, and to the margin of the coal field in 
Christian county. 

The detailed surveys necessary to determine this question are not 
yet sufficiently extended; the subject will be left for further investi- 
gation. 

The whole energy of the Topographical parties having been en- 
gaged in the Topography and Geology of the part of the country 
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which appeared to promise the earliest practical economical results, 
matters of strictly scientific interest have, for the present, been pass- 
ed by, and those things only attended to which promised to give re- 
sults of immediate practical ^alue, except so far only as they were of 
prime necessity for the proper understanding and investigation neces- 
sary to those results. 

While awaiting the return of the party who were operating in Muh- 
lenburg county, during the latter part of August, I crossed into Crit- 
tenden count-y, V'ith a determination to find whether there was any 
continuous connection between the Union coal of Livingston county, 
and those of the Tradewater country. In this excursion I passed by 
the old site of Bellville, where the courii-es of Union, Crittenden, and 
Caldwell corner in the Hopkins county lino, and where the line of 
Hopkins county leaves Tradewater. Passing along the road from 
Bellville, through Caldwell county, in a southwest direction about three 
miles, the road then inclines more to the north. Then the interca- 
lated limestones of the millstone grit make thoir appearance. Two 
and a half miles further the road makes a southwardly curve, and the 
Coal Measures re-appear five miles from Tradewater river, as shown in 
the borings for a well at Shady Grove, which have penetrated the rocks 
of the Coal Measures, and at a point one mile northeast, where a coal 
has been opened, said to be four feet thick. From one to one and a 
half miles from this a coal is to be observed, eighteen inches thick, 
-wedged between heavy sandstones. East of Shady Grove coal has 
been opened by Mr. J. Land; this coal is said to be four feet thick 
also. The eighteen-inch coal is again found on the lands of Messrs. 
Terry and Campbell, and at Mr. Amos Singleton's, three-fourths of a 
mile east of the grove. 

It is highly probable that the intercalated limestone of the mill- 
stone grit, before alluded to, near Bellville, has been brought to the 
surface by a fault. 

From Bellville, distant seven and a half miles, in Crittenden coun- 
ty, on the farm of Dr. R. i\I. Hetherington, coal has been reached in a 
well; the [)erson boring announced the coal to be one foot thick. 

By the line traveled the country is very hilly from Dr. Hethering- 
ton's to Piney creek, the hills being caped with from fifty to one hun- 
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dred feet of the millstone grit, the deep ravines and valleys cutting in- 
to the sub-carboniferous limestones. 

There are probably one or more faults between Shady Grove and 
Piney creek, that suddenly bring up the lower rocks, thrusting the 
Coal Measures forward and to the southwest. Six and a half miles 
to the northeast of Marion, the county seat of Crittenden county, the 
upper intercalated limestones of the millstone grit rises to the tops of 
the hills, being overlaid by a thin capping of from twenty-five to fifty 
feet, of the debris of the sandstones, which are penetrated by sinking 
wells, the water being found on top of the limestones. Five miles east 
of Marion the road crosses a branch of Piney, called Flat creek, which 
flows in a trough scooped into the masses of the lower interculated 
limestone. 

On passing westwardly from Marion, about five mUes, the sub-car- 
boniferous limestone makes its appearance, coming up the dry fork of 
Livingston creek, here connecting with the same rocks, which are cut 
into by the waters of the Paroquet fork of Hurricane creek. Where 
these creeks interlock the sandstones of the millstone grit series are 
severed, and now all the Coal Measures lying to the west, northwest, 
and southwest of this point are completely disconnected from the 
great body of the coal field of western Kentucky. 

On the Ohio river the beds of the sub-carboniferous limestone is the 
surface rock, from a short distance below Crooked creek, in Critten- 
den county, to the mouth of Deer creek, which enters the Ohio river 
a short distance above the Union coal mines, in Livingston county. 
These rocks, as before stated, also form the surfece-rock, at the head 
of Paroquet creek, and from this point extends to the Ohio river ; the 
eastern boundary lies nearly in a north and south direction line. The 
western limits have not yet been completely traced, it however ex- 
tends to the north-west from the head of Paroquet creek, for about 
two miles, forming the beds of the creeks, minor streams, and valleys, 
the neighboring hills being capped by the lower masses of the mill- 
stone grit; then more westwardly, by a great curve, to the mouth of 
Deer creek, including an area of fifty or sixty square miles of sub- 
carboniferous limestone country with all the marking characteristics, 
viz: sink-holes, bold springs, &c. 

40 
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The belt of millstone grit country lying to the eastward, and be- 
tween the sub-carboniferous limestone country of Crittenden county, 
and the productive coal measures on Tradewater river, in the same 
county, is about twelve miles wide, being very broken from Crooked 
creek to that river; the dividing ridge between Crooked and Big Hur- 
ricane creeks is also capped by the lower masses of the millstone grit 
and the intercalated limestones, rising rapidly from the Ohio river at 
the mouth of Crooked creek, into a high table land, with occasional high 
hills rising above it. The belt of millstone grit, above alluded to, ex- 
hibits the evidence of haying been much disturbed, the masses having 
been broken into fissures and cracks, locally much elevated. Places 
are frequently to be observed where the lower mass of the millstone 
grit forms the bed of a branch, where it lies in a position nearly hori- 
zontal, while the next hills, four or five hundred feet above the level 
of the stream, have the same rock forming their summits, where it is 
seen dipping at an angle of ten, fifteen, or even twenty degrees to the 
southeast, northeast, or northwest, as the case may be, varying with 
different localities. These remarks are especially applicable to the 
country north of Piney creek ; north of that creek, and eastwardly, to 
the Caldwell county line, and for some distance into that county, the 
surface does not present breaks and disturbances on quite so grand a 
scale. Near the Caldwell county line the measures of the millstone 
grit at once pass under the rocks of the true coal measures, making 
the belt of country possesing the remarkable characteristics of the 
millstone grit country, much narrower in Caldwell and Christian than 
in Muhlenburg, Butler, and Breckinridge counties, where the same 
country has been observed. The same remark will apply, with equal 
force, to Hardin and Pope counties, Illinois, and Perry and Crawford 
counties, Indiana. 

It being established that the coal beds of Livingston county are an 
outlier, being cut off from the main body of the coal field of which 
they once formed a part. 

It is also worthy of notice, that the upheaving force which has been 
instrumental in these changes has also brought up the ores of iron, 
lead, and zinc. It is along the anticlinal axis of this greatest disturb- 
ance, which has cut through the millstone grit at the head of and 
along the line of Paroquet and Big Hurricane creeks, that are to be 
found the fissures filled with Galena, Fluor spar, and other minerals. 
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I would, therefore, respectfully suggest that at some convenient 
time part of the force -of the survey be detailed, to investigate the 
strip of country lying along the axis of this disturbance, extending 
from the Ohio to the Cumberland river. 

Some years since an effort was made to prove the Lead Lodes^ of 
Crittenden and Livingston counties; the works were not carried to any 
considerable extent before they were discontinued, without any profit- 
able result. 

The detailed surveys have only been carried to the margin of the 
coal field bordering on Crittenden, Caldwell, and Christian counties. 

The foregoing facts have been obttuned, incidentally, in reconnoi- 
sance made by myself, for the purpose of obtaining such information 
as would enable me to direct the operations of the field parties, accord- 
ing to the tenor and spirit of my instructions. 

Party No. 2, of the Geological Survey, having begun their opera- 
tions at the edge of Union county, under favorable circumstances, but 
the whole party having no previous knowledge of the topography of 
the country, or its geological features, my operations were restricted 
mostly to the A^cinity of the field-party, thus, by covering but a lim- 
ited space, I was enabled to make a most critical examination of all the 
known outcrops of coal, and by pursuing this plan I have, while cany- 
iug forward the lineal Survey, discovered many new outcrops of coal, 
and connected these with my previous observations. 

The first line run by party No. 2, this season, was begun at White- 
sides' creek, and run northward, and connected with the line dividing 
the counties of Hopkins and Union, and the work of the previous sea- 
son. From the point of departure thus obtained, at the termination 
of the work of Union county, the detailed work of Hopkins county 
was begun. 

After conducting the party a few days, the reconnoisance was car- 
ried further. A synopsis of the field notes made, and the facts obtain- 
ed during these reconnoisances, may aid in arriving at just conclusions 
as to the structure and value of the Western Coal-field of Kentucky, 
in Hopkins, Christian, and Caldwell counties. 

I shall endeavor to set forth these facts, and the method by which 
they were obtained, and the impressions they produced on my own 
mind. 
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The field-work of the topographical parties not being fully made up, 
the courses and distances estimated will, for the present, be deduced, 
from the very imperfect map of Kentucky which I have. 

The identification of the different beds of coal, wherever observed, 
has been made a matter of prime importance, and all coals, spoken of 
in Hopkins and Christian counties, are referred to their equivalent beds, 
by the same names by which they are known at the Ohio river. 

The first camp pitched on Whitesides' creek, in Hopkins county, 
was found, on examination, to be on the mass of rocks known at the 
Ohio river as the rocks covering the three feet or ^'Little vein,^'' and the 
four-feet coal lying first below it. Neither of these beds, at present, 
are open here. The "Little vein" has, however, been penetrated, sev- 
eral years since, in digging a well, near the Casey ville and Providence 
road, within a few yards of the old school house, on Whitesides' creek. 
About a mUe from this the equivalent of the second coal under the 
Anvil rock has been worked by Mr. Watson, on the southwest side of 
the ridge, and by Mr. Llewellen, on the northeast side of the same 
ridge, only a few rods apart. 

The following section was taken at the opening into the coal at the 
"Llewellen bank," on the north side of the ridge, which here is the di- 
viding line between the waters of Tradewater, above the mouth of Crab 
Orchard creek, of Union county, and Slover creek. 

Here the dividing ridge has eatirely lost its capping of the "Anvil 
Rock," there being only about forty feet of materials between the top 
of the coal and the top of the ridge. 

Section of the Llewellen Coal. 
ss. 
Sloping ground. 

Loose pieces of limestone projecting from the surface. 
Black bituminous shale varying from 6 inches to 1 foot. 
Coal. 

Parting clay. 
Coal. 

Parting clay. 
Coal. 

Top of under-clay, thickness not satisfactorily seen. 
Thickness of the bed is five feet one inch. In this locality there is, 
therefore, four feet ten inches, in all, of workable coal. 
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The under-clay was not seen at this place, but the following section 
of the same coal bed, from the "Watson bank," on the other side of 
the same ridge, and only a few rods distant, will probably be satisfac- 
tory as to the thickness of the under-clay. 

Section of Watson's hank, southwest side of ridge, and equivalent of the second 

coal under the Anvil Rock. 
Heighth. Thickness. 
70.9 30.0 Covered space. 

40.9 16-0 Limestone in several beds, much affected by exposure. 

34.9 .6 Six inches to one foot of black bituminous shale. 

34.3 1.0 Coal. 

33.3 .3 Parting clay. 
33.0 2.6 Coal. 

30.6 .2 Parting. 

30.4 1.8 Coal. 

28.8 1.0 Under-clay. 

27.8 10.0 Ten to twelve feet of drab colored Umestone. 

17.8 7.8 Covered space with coal. 

10.0 10.0 Sandy shale. 

Thickness of workable coal, in Watson's bed, five feet two inches. 

The section heretofore given of the Watson and Llewellen coal, 
equivalent of the second coal of the lower series, may be further ex- 
tended by the aid of a partial section obtained about one hundred 
yards to the east of the opening made on Watson's land. 

Providence liea in an eastwardly direction from the Llewellen and Watson Coal Banks, 
about two and a half miles. By an observation of the map of Union county, in the first Geolog- 
ical Report, it will be seen that the outcrop lines of the coals of the Mulford series will be 
found mnning eastwardly across section 4, T. 5 S., R. 2 E. After the line has entered section 
3 of the same township, it runs south and southwest, to the southeast comer of section 9, when 
it again curves to the east. The line again curves abruptly to the north, soon after entering 
section 10. This is probably the centre of a valley of depression in the Coal Measures, which 
being prelonged extends into Crittenden and Caldwell counties, crossing Tradewater river at 
or near Bellville. Crossing this valley, as before stated, in section 10, the outcrop line runs 
northwardly along the eastern edge of the valley to a point near Providence, when the line is 
again deflected t o the south and east, by an elevated fold of the Coal Measures that begins at 
Providence and runs in a line nearly parallel with the Providence and Princeton road, and on 
the south side of it, to the outer margin of the Coal Field, near the mouth of DoUison's creek, 
in Caldwell county. A nameless branch, which rises in section eighteen of the same town- 
ship, runs northeastwardly into section eight. Out of this section it passes into section seven- 
teen, where it has its bed in the soft materials associated with the fourth coal, under the Anvil 
Rock, or the "Four-foot Coal" of the Lower Coal Measures 
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HeigJith. Thickness. 

49.1 1 45.0 Covered space, with limestones near the coal. 

4.11 1.00 Coal. 

3.11 .3 Parting clay. 

3.8 2.6 Coal. 

1.2 .2 Parting clay. 

1.00 1.0 Coal. 

On the north side of the ridge, containing the Llewellen and Wat- 
son coal openings, there is evidence of fractures in the masses of the 
coal measures covering this bed. The drainage having taken the lines 
of fracture has, by denudation, exposed these beds on the south side 
of the spurs of the main ridge, and the coal may be entered and work- 
ed, on the north of the ridge; with a dip to the north and northwest, 
carrying these coals under a level country bordering Slover creek. 

These beds of the Coal Measures, at Providence, have experienced 
some slight modifications, the limestones are more ferruginous; there 
are also beds of chert intercalated in the limestone mass, which is 
thicker. The dip is greater, and to the northwest. The limestone 
beds are highly fossiliferous.* 

If these beds are entered north of the ma.in dividing ridge, the produce of the mines may 
reach the Ohio river, by a railroad which may be made almost by a naturally graded road bed. 
By laying the line of the road down the valley of Slover creek, to the Pond Fork; thence up 
that Tdlloy, and on the southwest side of that creek, to the gap between Poplar ridge and Coal 
hill; thence along the yalley of Cypress creek, to a point near the mouth of Pearson's branch; 
then either up Cypress, and reach the Ohio river by the valley of Hine's creek, or by the Book- 
ham valley pass, through the gap, at the head of the Little vein branch, and thus reach the 
Ohio; or from Pearson's branch, by the Henry valley pass, through the gap at Winstead's, in 
section 24, T. 3 S., R. 2 W. For a coal road, with very light grades, I am acquainted with no 
country where a road, with a better allignment, or lighter grades, could be had, for the same 
amount of graduation, for a road of this length; while along the line of the road, and at very 
short distances from it, the best stone for bridges and culverts could be had; since, near 
by, along its entire length, the heaviest coal beds in this part of Kentucky find their outcrop, 
the main trunk road would receive numberless branches from numerous coal mines, that must 
be opened along tlie entire length of the line, and only a short distance from it, many of them 
within from fifty to two thousand yards of the main road. In this connection, I may be per- 
mitted to state that a good railroad is the only reliable means by which these vast beds of fos- 
sil fuel can, with certainty, reach a market. It has been in contemplation to lock and dam 
Tradewater river for the purpose of forwarding these coals; my opinion is, that Tradewater 
river, if dammed, and its waters were spread over the surface, as they would bo by dams suffi- 
ciently high to obtain the head required, would not, during the dry season of the year, afford 
a Fi.flicifi;t supply to keep up the pools, much less the water necessary for lockage. The 
evaporation would probably largply exceed the supply afforded by the river should this be 
the case, as it most probably is; Tradewater river, therefore, aa a means of tranaporticg coal to 
market, is absolutely useless. 

•Seo specimens 'Yrom Providence." 
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There being no difficulty in the way, the outcropping bench of the 
Llewellen and Watson coal was easily traced to the equivalent bed 
opened at Providence. The following section will serve to illustrate, 
in some degree, the arrangement of the Providence beds. The land 
holdings here being in very small lots, two banks having different 
names are included in one section. 

These banks are on nearly the same level, and the thickness of the 
separating material is probably somewhat greater than the work on the 
ground made them. 

Section of the Lofland Goal Bank. 
Heighth. Thickness. 

60.2 30.0 Tellow-grey shales, (place of Anvil Rook?) 

30.2 3.0 Black bituminous shale. 

27.2 1.3 Slaty coal. 

25.11 .5 Parting clay. 

25.6 1.0 Coal, (in large blocks.) 

24.6 1.4 Parting clay. 

23.2 2.9 Coal. 

1.9 Under clay. 
20.6 

Section of Dorris Bank. 
18.8 12.0 Twelve to fifteen feet limestone. 

6.8 1.3 Calcareous marly shales, 16 to 20 inches thick. 

6.5 .4 Black bituminous shale. 

6.1 4.0 Coal, fine quality, mining in fine blocks. 

1.1 .1 Parting clay. 

1.0 1.0 Coal to top of underclay. 

The following section is from the Dollison bank, equivalent to Dor- 
ris bank : 

Heighth. Thickness. 

18.2 10.0 Ten to sixteen feet limestone. 

8.2 2.2 Grey and black calcareous shale; lower part argillaceous shale. 
6.0 3.6 Coal. 

2.6 .1^ Parting clay. 
2.4^ I.4I Coal. 

1.0 .1 One to two feet ferruginous limestone. 

A number of sectiocs of these beds could be given, but this will be 
unnecessary, as they would be a repetition of those already given. 

It may be possible that the last section given is of an intercalated coal, 
between the equivalent of the Mulford bed and the "middle coal;" the 
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Lofland section is probably the equivalent of the "AnvU Rock," or 
first coal which has again increased in thickness. 

It will be recollected, that at Thonapson's mines, in Union county, 
the Anvil Rock bed had thinned down to fifteen or eighteen inches. 

The Lofland, Dorris, and Dollison banks, being three distinct beds 
of coal, would make the Dollison the third coal under the "Anvil 
Rock," and equivalent to the Mulford coal, provided there be no new 
intercalated coal here over the Mulford. This seems to be confirmed 
by the fact that a coal was opened, partially at my request, on the farm 
of Mr. Samuel Montgomery, near the eastern edge of section ten, T. 
5 S., R. 2 E., which has the characteristic covering and associated 
shaly materials of the Mulford eoal; if this be the equivalent of that 
coal it will be undoubtedly fall the fourth coal in the iseries here. 

Three-fourths of a mile to the southeast of the last coal alluded to, 
in the direction across a narrow trough in the measures, a coal is seen 
in the bank of a small branch, known here as Hunter's bank." The 
equivalent of this bed is also to be seen on the farm of Mr. Samuel 
Montgomery, distant about half a mile from the equivalent of the 
Mulford coal opened on his farm; this last coal is known as the Mont- 
gomery coal. 

Section of Montgomery coal. 
Heigltth. Thickness. 

31.00 10.00 Covered space to top of point. 

21.00 10. Thin bedded sandy shale. 

11-0 8. Black bituminous shale. 

3.0 3. Coal. 

The pit being partially filled with water, neither the bottom of the 
coal nor clay was seen. 

Section of Hunter's hank. 
Heighth. Thickness. 
43.6 16.0 Covered space. 

28.6 10. Greyish-yellow sandy shale. 

18.6 8.0 Black bituminous shale. 

10.6 3.9 Coal. 

6.9 .9 Parting clay. 

6.0 .7 Coal. 

5'6 .6 Under clay. 

6.0 5.0 Sandy shales. 

.0 Bed of branch. 
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Mr. Alfred Towns had this coal opened, and the parting clay dug 
through, in doing which the workman discovered the seven inches of 
coal between the under and the parting chiy. When the lowest coal 
was cut through an abundant spring of water bur^'t forth. When I 
visited the bank the water had settled, and the'spring was flowing in 
a beautifully clear stream. The day being warm, and being very 
thirsty, I laid down for a drink, but one mouthful of such w.iter was 
sufficient — the water being very acid, and largely charged with alum. 

In my report for 1855 the map shows the line of the lower coals 
south of Mr. Imboden's house, section 24, T. 5 S., R. 1 E. 

The Winn hill was set down as the equivalent of the "Finnie bluff," 
or the sandstone mass covering the Bell coal. After the survey was 
made, in 1855, Mr. Winn dug at the foot of the hill near his house, 
at the base of the equivalent of the "Finnie bluff," and found a good 
coal at the place indicated in the report. 

Taking the road from Providence to Princeton, the first creek cross- 
ed has, at this place, its bed on the soft shale under the Providence 
coals or over the Mulfoi'd coal. 

There is evidently a sinking of all the beds for a short distance on 
the line of this road, when they rise again immediately west of it, 
while on the right of the same line they lie quite level for two or 
three miles, as there is only one ridge intervening, made by the mem- 
bers over the Hunter or "Little Vein" coal. On the northwest side of 
Clear creek the mass of the Curlew hill crosses the road in a low ridge 
between Clear creek and Mr. Barnhill's house. The mass of the "Ice- 
house," and its accompanying measures, is probably the northwest bank 
of the flats of the creek itself, and it is repeated bet\veen the forks of 
the creek. The masses equivalent of the Finnie Bluff extend from the 
bank of Tradewater river for two or three miles toward Providence, 
and must be repeated or lie very level. 

At two miles beyond Tradewater the millstone grit sets in, and the 
rocks are raised into high hills. About four miles to the southwest of 
the road the millstone grit runs up to the river, and the sub-carboni- 
ferous limestone forms the hills. The lower masses of the millstone 
grit still has one, if not both, of the intercalated limestones; the upper 
mass of this limestone is hard, and broken into polygonal blocks from 
the size of marbles up to pieces of five hundred pounds weight. The 
usud buff belt is found less earthy, more solid and compact than at 
41 
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the Ohio, and nearly destitute of fossils. The key obtained by the 
study of the various members of the coal measures, in Union county, 
from the millstone grit to the Mobley, has been of the greatest service 
in identifying the corresponding beds elsewhere ; nevertheless, in con- 
sequence of some important modifications in the formations in their 
extension through Hopkins county, it is often necessary, in order to 
convince ourself positively of identity, to follow out any given bed in 
all its meanders from its known position in Union county to the locali- 
ty elsewhere to be established. The changes of lithological character 
are always accompanied by a corresponding change in the character of 
of the soil and the growth upon it; this aids greatly in following the 
outcrops, when the rocks themselves are concealed; indeed, without 
observing which one would be entirely at a loss. 

The first line of country passed over, lying between Providence and 
Wright's ridge, was through the woods and farms, and by no regular 
road. Leaving Providence, the route lay to the south of east, crossing 
Wyer's creek about a mile from its mouth. On the northwest side of 
the flats of this creek the outcropping sandstones over the "Little Vein" 
are in sight; beyond this a stretch of bottom land extends for a mile; 
then a low flat point was crossed, before entering the valley of Clear 
creek, not far from a pond called "Jenney's hole;" from this point, up 
the valley of the creek, there is no low water bed for a distance of over 
two and a half miles, by the path through a flat swampy land, with a 
succession of small lakes called "holes," with most fanciful names. 
Pond creek was crossed in the valley of Clear creek, and the route now 
lay up the southeast side of Clear creek to Lamb's creek, one of its 
small tributaries. A coal was seen in the hills that bound the south 
side of Clear creek, near Lamb's creek. From the character of the 
associated rocks I took it to be either the Ice-house coal, or one of the 
lower small beds of the Curlew Hill Measures. I am inclined to the 
opinion that it is the former coal, which has thickened up to four feet 
four inches, of excellent quality. 

It should be mentioned that the ridge on the northwest side of 
Pond creek, near its mouth, is probably the equivalent of the masses 
covering the four feet and "Little vein" at the Ohio river. When it 
was crossed it was about seventy five feet high above the surrounding 
. flat lands. The ridge on the south side of Clear creek, in which the 
K-irkwood branch takes its rise, is the coal ' before alluded to, on the 
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south side of the ereek; it is opened on the N. W. side of the hill. 
At the opening the dip is N. 10° W.; the rate of dip is two and a 
half degrees. In all probability there is a reverse dip some- 
where under the flats of Clear creek, or at least a much flatter dip. 
The rate of dip would bring in the rocks of the "Little Vein" much 
nearer to this opening than they are, if there were not some decided 
modification of dip. A limestone is said to exist in the hills over this 
coal, but it was not seen by myself; there are, however, evidently 
limestones or else calcareous shales. The sugar-tree, which I consider 
an invariable sign of the presence of calcareous beds, in the Coal 
Measures, is quite abundant. 

Continuing up the south side of Clear creek, immediately after cross- 
ing Lamb's creek, a sharp ridge rises, called Bobb's ridge, probably the 
equivalent of the ridge at the last coal; this ridge soon receives an 
additional height, and is capped by another sandstone very like in lith- 
ological character to the upper part of the sandstone at Curlew hill. 
This ridge divides the waters of Richland and Lamb's creeks, and has 
an elevation of about two hundred and fifty feet above the surround- 
ing flat land. The ridge appears to be the dividing line marking 
the east side of the great trough extending from Providence to this 
point, and brings us to the edge of the undulations, marking the char- 
acter of the measures of Wright's ridge, and the ridge running between 
Lamb's creek and Richland creek, coming up in the way it does through 
the direction of the strike line, in a sharp curve to the southeast, then 
southwardly and southwestwardly to the waters of Cane creek, at least 
twelve miles south from the mouth of Lamb's creek ; so that the pro- 
ductive Coal Measures extend in a tongue twelve to fifteen miles out- 
side of the nearest edge, or smaller diameter, of a regularly shaped 
basin. The prolongation of the basin, which passes southeast of Bell- 
ville, is a depressed fold, while that southeast of Lamb's creek is an 
axis of elevation, extending on either side of the line of Wright's 
ridge for several miles; it is, however, most extensive on the westward- 
ly side, also including the body and spurs of the ridg'e, feo that the 
greatest body of coal, of the Western Coal-field of Kentucky, crops 
out along this line of elevation. No less than ten beds of coal are 
here presented to view varying, from three (3) to eight (8) feet in 
thickness. Five of these are five (5), and two over four (4) feet 
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To the eye these coals are not inferior to the best Pittsburgh coal; 
their true value can however only be determined by analyses. 

The road traveled from Richland creek lay up that stream for two or 
three miles, to the intersection of the Princeton and Madisonville road, 
near the Sulphur spring; thence up the dividing ridge between Rich- 
laud aad Sugar creeks, crossing Wright's ridge at a point near the head 
branches of Sugar and Stuart's creeks, where the ridge is nearly sev- 
ered by a gap lying in a line neai4y east and west. 

In order to establish the exact geological position of the Coal 
Measures of Wright's ridge, I determined to trace the measures along 
the line of the Madisonville and Hopkiasville road, from the thick coal 
at the Rocky Gap to where the sub-carboniferous limestone is cut 
through south of the head waters of Drake's creek. From thence, 
the sul>carboniferous limestone, millstone grit, and the upper inter- 
calatfd limestone, to the Buttermilk road. 

The line of the road from Madisonville to Hopkinsville runs nearly 
south, crossing the Crab Orchard Fork of Drake's creek, approaching 
the valley of the latter creek nearly east of the point where the line 
of Christian and Hopkins counties leaves that creek; Three mnrked 
ridges cross this road between the Rocky Gap and the confines of the 
productive Coal Measures, on the south. 

These examinations showed that the eight feet coal, at the Gap open- 
ed by Price, Johnson & Co., is the equivalent of the beds on the 
Hunting branch and Stuart's creek, only the materials separating the 
two beds, which in some instances amounts to a thickness of several 
feet, have here diminished to two and a half inches; and for all practi- 
cal purposes the two beds are here united into one. 

On the same horizontal plan, on the west side of the gap, only 
about five, hundred feet distant, there is another bed totally unlike any 
coal bed which I have had an opportunity of witnessing. The fol- 
lowing section will serve to show this bed, which is alea on the proper- 
ty of Price^ Johnson & Go. 
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Section of coal bed at Rocky Gap, north aide. 
Heighth. Thickness. 

67.03^ 22.0 Massive sandstone, 

35.U3;V 16.0 Covered space. 

20.03| 5.0 Clay shale, whitish. 

15.0.3^ 5.0 Clay shale, yellowish, 

10.03^ 3.0 Clay shale, grey. 

7.0.3.|- 2.4 Clay shaie, grey. 

4.11^ .7 Black bituminous shale. 

4.4^ 2.4 Black bituminous shale. 

2.0-^ 2.0^ Cannel coal. 

Under clay not measured. 

The masses given above are each in distinct beds, with a regular 
parting between them. The black shale is very bard, black, and rich 
in bituminous matter. The coal is hard, and in its general appear- 
ance much like the finest block mineral at the Breckinridge mines. 

The section of the thick coal, on the east side of tlie gap, is as fol- 
lows: 

Section of Eight foot coal at Rocky Gap. 
Heighth. Thickness. 

167.1 1-J 60.00 Rounded hill top. 

119.11^ 20.00 Bench probably sandstone. 

89.1 4 16.00 Top of slope and foot of bench. 

73.114- 19.00 Bench; some sandstone in siitht. 

64. 11.J. 46.00 Top of covered space. 

9.1 4 1-6 Blue marly shale. 

8.6^ 3.1 Coal; soft from exposure. 

6.2^ 0.2^ Marly shale parting. 

Beds of coal. 
6.0 6.0 Coal with 2 small streaks of clay near the center of mass. 

The lower, or five-feet mass of coal appears bright and good. The 
upper mass will probably be found as good as the lower when the 
coal has been followed under solid cover. 

Starling, as before stated, at these beds at the Rocky Gap, three 
distinct, different masses of sandstone are passed over, by the line of 
this road, before the margin of the Coal Field is reached — the dis- 
tance being about seven miles. The spurs of Wright's ridge, which 
runs in a line nearly parallel with it, are thrown off at right angles to 
the road, and are doubtless the sandstones of the "Little Vein," Cur- 
lew hill, and Finnie Bluff. There being no repetition of these masses, 
the inference is that the amount of dip is not greater than two degrees, 
for a large part of the distance; for suddenly the dip, south of Drake's 



826 TOPOGRAPHICAL REPORT OF GEOLOGICAL SURYBY. 

creek, carries the equivalent of the Cook and Bell coals from the top 
of the high hills, from two hundred to two hundred and fifty feet high, 
on the south of the creek, down to the bed of the stream, where 
the equivalent, probably of the Cook coal, has been mined in the bed 
of the creek near Mr. Williams.' The covering to this coal being very 
similar to the covering of the coal mined by Mr. Campbell, on Cassel- 
bury creek, five miles to the west, which is certainly the equivalent of 
the Cook coal of Union and Crittenden counties. 

Crossing Drake's creek to the south, and ascending a hill two hun- 
dred feet high, which is capped by a sandstone equivalent to the Finnic 
blufl', a coal outcrop is seen at a place called "Isinglass Glade." On the 
southwest side of the Glade is the following section: 

Section at Isinglass Olade. 
Heighth. Thickness. 
Ft. [n. Ft. In. 

68. 6.00 Top of hill at glade. 

63. 2.00 Black bituminous shale. 

61. 2.5 Coal. 

48.6 3.10 Under-clay. 

44.8 6.4 Shales. 

39.4 6.4 Belt of carbonate of iron, three inches thick, regular and 

continuous as far as exposed, in a bed of grey shale. 
.?4.0 2.0 Bed micaceous sandstone. 

32.0 6.0 Sandstone. 

26.0 5.0 Blue shale. 

21.0 21.0 Sandy shale. 

.0 Top of covered space. 

In the under-clay of this coal are a great number of finely formed 
crystals of gypsum, especially where the coal has disappeared and left 
the under-clay disturbed ; doubtless produced by the abundance of sul- 
phuric acid set free by the wasting pyritiferous coal, which has combin- 
ed with the lime filtered from the limestone hereafter mentioned; a sim- 
ilar phenomenon was observed at Johnson's, under the equivalent of 
the Llewellen coal, near Providence, where lime must have been carried 
from above the coal down to the acid. 

Above the coal at the Isinglass Glade are two thin beds of carbonate 
of iron. Between the Glade and the Croft, or Willliams' farm, an ad- 
ditional member comes in above the coal,' composed of altercations of 
sandy shale and heda of flag-atoiieai 
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At Petersburg, westwardly from the Glade, the coal measures are 
flattened, probably by a slip or fault at the south foot of the Gkule hill ; 
which has carried down the measures. The hill itself is flattened out 
to the east and northeast into a high table land. Three mfles to the 
southeast ^Ir. Lacy has worked a coal bed, which is said to be four 
feet thick. The workings having been abandoned I did not visit them. 
About three miles to the west of Petersburg, the dividing ridge be- 
tween the waters of Tradewater and Pond rivers has its summit, in 
which interlock the branches of Casselbury creek, the longest branch of 
Tradewater, and the head branches of McFarland's creek, the longest 
westwardly branch of Pond river. 

On the waters of Drake's creek the coals and associated rocks are 
much bent and disturbed. One of the lowest of these coals, at Mr. 
P. W. Cabel's, is either the equivalent of the Cook or the Battery 
Rock coal. From the character of the rocks associated with this coal 
I incline to the opinion, that it is the former of these coals. At an- 
other opening in this coal, which is seen half a mile further down the 
branch, the dip was N. 40" E.; the rate of dip was not satisfactorily 
obtained. The coal is hard and firm around the old pits, although the 
diggings have not been worked for seven or eight years. The coal is 
covered with aluminous earth. The top of the hill over this coal is 
covered by a loose-textured soft sandstone, massive in its character. 
The sandstone at Chalk-level is probably identical with the sandstone 
here, and both are probably the equivalent of the sandstone near the 
base of the Finnic Blufl". 

Mr. Felix Bourland, (seventeen miles from Madisonville,) opened 
the coal last alluded to. Mr. Bourland says the coal is three feet four 
inches thick. The thickness of the coal is probably over estimated. 

At Mr. Brashears' is a coal covered by argillaceous shale; this bed is 
doubtless the equivalent of the "Cook coal;" and the coal at the Isin- 
glass Glade is the equivalent of the "Bell coal" (?). 

The materials between these coals are generally soft and argillaceous, 
while the mass covering them has decidedly the character of the Fin- 
nic Bluff"; here, however, it is quite soft in its lower part, while the 
main sandstone mass is only represented by a few feet* of sandstone, 

•About 18 or 90 feet. 
I 
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flagstones, and sandy shales, the whole mass being about fifty to six- 
ty feet thick. 

At Petersburgh* limestone was found at the bottom of a well, which 
I take to be the equivalent of the limestone afterwards seen, lying 
above the coal at Mr Campbell's, and at the Wooldridge "old mine." 
On the west side of the dividing ridge, this limestone lies at those 
places thirty-five feet above the coal, equivalent to the Cook coal. 

The first mass of the millstone grit seen containing pebbles was 
nenr the farm of Mrs. Eliza'ieth Biashear's, eighteen miles south of 
M idisonvillo. This mass forms here the dividing ridge between 
the waters of C:iKsi4bury and Drake's creeks. Limestone, intercalated 
with sandstone of the millstone grit series, are first met with one and 
a fourth miles south of Mrs. Brashear's, or nineteen and a fourth miles 
south of Madisonviile. 

From information obtained, I infer that there must be a number of 
openings in the equivalent of the Bell and Cook coals, with perhaps 
one or two places where the equivalent of the Battery Rock coal is 
worked, southwest and west of the road. 

At Mrs. Brashears' and Mr. Williams', when the intercalated lime- 
stones before alluded to were seen, there is much irregularity in the 
dip, both in quantity and direction, being in most cases conformable to 
the contour of the hill on which it is observed; the rocks here are gen- 
erally softer than these equivalent beds of Union and Crittenden coun- 
ties, and, so far as I have been able to obtain measurements, the rocks 
are found to be thinner. 

At Mr. Williams' I listened to one of the legends of the country, 
which appears to be fully credited by the people. This story, as re- 
lated to me, details, with much apparent accuracy, the direction, size, 
and condition of certain great lodes of lead, not yet worked in this 
part of the country ; also, of certain mines of silver, said to exist near 
the margin of the coal field. The relator of this information inform- 
ed me that nothing but his great age and ill health prevented him from 
opening and operating the mines, whose existence he had communi- 
cated to me. Nothing, however, that I was able to observe at these 
localities, would warrant me in giving any encouragement to these 
fancies, but rather to discourage any hope of these visions of wealth 

♦Petersburgh is station No. 1008 of tiie Nashville and Henderson railroid. 
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being realized. There may be all that the mineral witches declare 
there is, of lead and silver, but the Mineralogical and Geological signs 
do not accompany them here, as they do at localities, where lead and 
silver are found, elsewhere. 

From where the millstone grit and sub-carboniferous limestone cross 
the road, near Mr. William's house, in Christian county, the margin of 
the former was traced to the Buttermilk road. 

Along the great dividing ridge between the head branches of Pond 
and Tradewater rivers, its east side is abrupt and precipitous, while on 
the west side the spurs of the main ridge are thrown off flatter, ex- 
cept on the west side of the head of Tradewater, where the hills are 
also rough, produced either by lines of drainage ploughed into them, 
or original lines of abrupt bending, and irregular folding of the uplift- 
ed heavy masses of the millstone grit. 

On crossing the first hill formed by the masses of the conglomerate, 
between Mrs. Brazier's and Mr. Williams', you descend into a valley 
of one of the branches of McFarland's creek. On the east side of 
the road the conglomerate caps the bill from seventy-five to eighty 
feet thick, with one hundred to one hundred and fifty feet of soft ar- 
gillaceous shales immediately underlying it. 

On the first branch east of Mrs. Brazier's at a short distance north 
of the road, is to be seen a fine evidence of a fault; the heavy masses 
of the millstone grit having sunk down. Along a line, on the east side, 
are the shale beds before alluded to, while on the west is the solid wall 
of the masses of millstone grit. Near the junction of the.se measures 
there bursts from the sandstone side of the fault a bold cold spring of 
most excellent chalybeate water. 

The rocks of the millstone grit, form the bed of Casselbury creek, 
where it is crossed by the Buttermilk road, near Mr. Alexander Bra- 
zier's; on the south side of whose house, and near the school-house, is a 
fine example of the upper intercalated limestone, but no satisfactory 
section could be obtained. These limestones present the usual "glady'''' 
« « appearance. These rocks here dip toward Casselbury creek, i. e., to 
the north, and sink under the millstone grit. On descending the creek, 
on a line nearly east and west, the spurs of the hills are crossed at 
right angles with their length, and are found to be waves formed of 
solid masses of rocks and shales, froni fifty to one hundred feet high 

from the top df the wave to the bottom of the intervening trough, 
42 
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here represented by the valleys between the spnrs. The band of lime- 
stone before alluded to crosses the spurs in a rising line, one wave de- 
scending into the succeeding valley or trough, and again mounting 
and descending. The bending of the strata, by the original force form- 
ing these hills, has thrown the limestone up and down with the folds 
forming these spurs, and on a given line the limestone crosses them 
like a ribbon resting on their surface. The greatest lie on the axes of 
the ridges; the lea.st in the valleys between them. On the top of the 
ridges the dip equals twenty-five to thirty degrees; in the valleys from 
five to twenty degrees. The buff limestone is here associated with 
this bed, and is about thirty feet thick; the whole mass of limestone 
is probably one hundred feet thick. From the base of the intercalated 
limestone, to the great mass of the sub-carboniferous limestone (?,) the 
distance is about sixty -five feet, filled with thin bedded sandy shale 
and flagstones. 

In a branch of Casselbury the sub-carboniferous limestone was seen, 
where it was broken into heavy square and oblong blocks. 

The margin of the coal field is deflected very rapidly to the north, 
from the crossing of Casselbury creek. 

I visited the coal bank worked by Mr. Campbell, on the southwest 
side of the Buttermilk road, where the direction of the dip is north 
twenty degrees east; the rate two to two and a half degrees; the coal 
is two feet seven inches thick, the roofing being "grey metal, i. e., grey 
micaceous shale. This coal rests on a bed of thin under-clay, four to 
six inches thick; this on hard thin-bedded sandstone. The bank is 
worked by stripping. The coal is the undoubted equivalent of the 
Cook coal. 

The old Wooldridge bank is an opening into the same bed; it is over 
this coal that is found the limestone spoken of as being found in the 
well at Petersburg. 

I learned of Mr. Campbell that a bed of thin coal exists on Cassel- 
bury creek, one mile to the south of his mine; this is probably the 
equivalent of the Battery coal; it is said to I e one foot thick. 

Mr. Wooldridge is now opening another bank, on the east side of a 
small ridge, about half a mile from the old ^^diggmg%;'' this new open- 
ing is in a coal above the limestone, which lies above the coal at the 
old diggings, but owing to the curving an-angement of the beds I 
thought it useless, tvith the Lock level, and the time at command, to 
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uud^rtake to determine the thickness of the beds intervening between 
the two beds of coal. 

The coal mined at the new opening is of superior quality; the bed 
presents a face, where seen, three feet high; it is hard, bright, shining, 
black.* No sulphur (''or brass''') was observed in the coals at this open- 
ing, which is covered by dark sandy shale {''grey metaV) This bed is 
the equivalent of the Bell coal. 

Two and a half miles to the northwest the same bed has been work- 
ed by Mr. Patrick Hamby; here the greatest thickness observed was 
four feet four inches; the coal is covered by argillaceous and sandy 
shale, probably the counterpart of the shale beds observed at the 
Wooldridge new mine. The difference in the appearance of the cov- 
ering materials at the two mines is owing, doubtless, to the wasted con- 
dition of those at the Hamby mine. It may not be improper here to 
state that, all the banks mined here, with one exception, (the Terry 
mine,) are stripped at the tail of the bed, and no regulnr pits or slopes 
are made. The materials associated with these beds are very soft, and 
sections above and below the coals could not be obtained. The only 
section as yet seen, north of the millstone grit, on this line, was ob- 
tained at the Wooldridge old mine, which gave thirty feet from the top 
of the Campbell (Cook) coal up to the base of the limestone above it — 
the space being filled, with sandy shale. At Mr. Campbell's the lime- 
stone was found to be twelve feet thick and upwards. At both places 
it contains many fragments of entrochites and spirifer. The shales 
weather to a yellow-grey color. The Hamby bank is not now work- 
ed, the stripping having become very heavy. It is situated one-fourth 
of a mile from, and on the west side of, the Buttermilk road, and eigh- 
teen miles from jMadisonville, and about a quarter of a mile from the 
line dividing Hopkins and Christian counties; it lies in the latter 
county. In the branch which runs through the bed of coal at the 
workings, the dip of the beds under the coal was ascertained to be to 
the northwest; the und^r-clay here is four inches iithick, resting on 
lumpy irregular bedded sandstone. The bed of the coal is wavy and 
irregular. This coal has also been worked by Mr. George Terry. 

About one mile further, to the north, the coal is entered at the north 
face of a low ridge, where it lies at a much higher level than at the 
Hamby bank. The same bed is opened in the bed of the bmnch, one 

*See upeciint'Da labeled Wooldridge couli Christian couatj,. 
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hundred and fifty yards up the stream, from the Terry opening ; the 
coals in the bed of the branch have been stripped, and some coal has 
been removed; the dip here was north seventy degrees west, at the 
rate of four or five degrees. On tracing the covering rock down the 
branch, on the north side of the stream, the coal was traced to a point 
opposite the Terry opening, on the west side of the road; the coal on 
this side of the stream having been carried down by the dip thirty 
feet below the bottom of that exposed in the Terry opening. On the 
south side of the branch the coal may be traced to the Terry bed, 
which is entered by the usual form of slope entry, which enters with 
an ascending dip rising to the south or with the direction of the entry, 
and the coals are at the entry dipping to the north. A little below the 
opening on the north side of the branch, sugar-trees, the usual accom- 
panyment of limeotone in these measures, are to be found in great abun- 
dance. From the data here obtained it is inferred that the limestone 
is twenty-five feet below the coal, and that the distance between the coals, 
equivalent to the Cook and Bell coals, is fifty five feet. Hence there 
appears to be a thinning of the member between these coals, with the in- 
sertion of a limestone mass in some localities, as at iNlr. Campbell's, 
from ten to twelve feet thick. The Terry coal mine is on a branch of Buf- 
falo creek. On the left of the road, near Terry's mine, Buffalo creek 
receives a small branch on the north side. One fourth of a mile up this 
branch from its mouth is to be seen the following section, which is illus- 
trative of the measures of Wright's ridge. At the locality of this sec- 
tion the end of a ridge is worn off by the action of the waters of the 
branch, producing an escarpment one hundred feet long and thirty ftet 
high, rising above the surface of the pool at its foot. The face.of the 
escarpment stands in aline nearly north and south, and presents a re- 
markable stratification, dipping from the centre of the bed, to the north 
and south, and burying the top of the coal under the water at both ends 
of the pool. 

Section on branch of Buffalo creek, near the Buttermilk road. 
Heighth. 1 hickness . 
Ft. In. Ft. In. 

31.6 12. Light colored y^llow-grey sandstone. 

19.5 11. Grey metal. 

8.6 4. Coal. 

4.5 .9 Under-clay. 

3.6 3.6 Grey metal. 

.0 Surface of pcrol. 
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This coal is the equivalent of the Terry coal. 

Ascending the branch, toward the north, several waves are apparent 
in the measures, gradually rising with the ascending valley. Near 
the head of the valley, the measures of the section are lost to view 
under the hill; at the base of which, on the west side, Mr. Croft made 
an opening into, and has taken coal from, the bed equivalent to the 
Terry bed, which here lies at a much greater elevation than at that 
mine. The opening is near the summit of one of the many waves 
into which the measures are thrown in this part of the coal field. 
This bed rising and falling with the measures until it disappears under 
the south side of the first great hill south of Caney creek, and is final- 
ly lost to view on the line of this road. 

The top of the hill south of Caney creek is evidently capped with 
the equivalent of the Ice house, and the lower part of the Curlew hill 
measures. This hill is separated from the southern prolongation of 
Wright's ridge by a deep valley, through which a trial line has been 
run for the Nashville and Henderson railroad, and it was stated to me 
that a road, with a maximum grade of forty feet to the mile, can be 
made through this gap, by a cut of sixteen feet at the deepest part, 
and a fill of twenty-five feet for the valley of Caney creek. 

Near the mouth of Cane run, on Caney creek, two miles west of 
the Buttermilk road, there is an outcrop of coal under black bitumi- 
nous shales, and over these eighteen to twenty feet of grey metal, 
which is covered by loose blocks of heavy sandstones, none of which 
were seen in place ; this is probably the equivalent of the Bell coal. 

In a northeast direction from the mouth of Cane Run, new and su- 
perior members begin to appear. 

It now became apparent that the line traveled had been nearly par- 
allel with the strike line; also, that the dip conformed largely to the 
external surface of the country, and that few of the hills are raised to 
a sufficient heighth, above the equivalent of the Bell coal, to contain 
the next superior bed; until I had reached the first hill south of Caney 
creek, around whose sides might be traced the denuded edges of the 
superior measures. 

Overlying the coal seen at the mouth of Cane run, near Mr. Joseph 
Woodruff's, on the Princeton and Greenville road, are to be seen the 
measures lying first above that coal. The line of the following sec- 
tion lies from Cane run, along the road toward Mr. Woodruff's house. 
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Serlion 


near Mr. Woodivff's, in the valley of Cm 


le run. 


Heighth. 


Thickness. 




Ft. In. 


Ft. In. 






45 UO 


16.00 


Thin hedded fine sharp grit sandstone. 




32. 


3.2 


Sandy shale. 




28.10 


2.6 


Coal. 




26 4 


1.2 


Uiider-clay. 




26.2 


1.6 


Clay filled with limonite ore. 




32.8 


.8 


Black bituminous shale. 




23.0 


2.4 


Coal. 




20.8 


.8 


Under-olay. 




20.0 


20.0 


Cuvered space. 




.0 


0. 


Bed of Cane run. 





There are many blocks of limestone associated with the above sec- 
tion; their bed could not, however, be certainly traced in place; these 
blocks of limestone have been used to repair the public road in the 
vicinity of the coal outcrop, as they can be found in the washes and 
water-worn gullies cut into the soft part of the mass, and are buried 
in the debris of the coal and clay, both above and below both beds of 
coal. A more extensive opening on this bed would easily determine 
the place of the limestone. 

This bed, at this point, dips to the northeast at the rate of ten to 
fifteen degrees. 

On the north side of Mr. Woodruff's house, four hundred yards dis- 
tant from the point of the foregoing section, black bituminous shales 
are seen in the bed of a branch ; these beds are much bent and curved, 
having been disturbed by a great number of waves, but they have 
much less dip than the measures of the preceding section. They 
are covered by the soil and clay of the valley of Cane run, but 
are no doubt connected with, and are part of a bed of shales seen on 
Caiiey creek, at the mouth of Cane run, about three-fourths of a mile 
distant, to the southeast. 

Some segregations of bituminous carbonate of iron are seen here. 
No d(?cided dip could be obtained. 

Half a mile e.istwardly lies the foot of "Dozier" hill; here is present- 
ed the next member succeeding the section last given. The Princeton 
and Greenville road has laid bare a bed of sandy micaceous shale, near 
the "Christian Privilege" meeting-house. The bed of shale forms the 
body of the point on which the meeting-house stands, rising about fif- 
ty-five feet above the ravine, on the northwest tilde of it. 
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In this ravine, and probably at the base of the shale beds above, are 
to be seen several blocks of ferruginous limestone, which could not be 
traced to any regular bed. Irregularly diseminated in the shale bed, 
above the limestone, are a number of thin broken bands of clay iron- 
stone. 

Having now arrived at the base of the great hills, which are here 
known under many specific names, they will, for the sake of clearness, 
be treated of under the general appelation of Wright's ridge. 

The ridge is prolonged towards the west, in a high range on the north 
side of Caney creek, presenting, on its south face, a bold front deeply 
indented by narrow and nearly parallel ravines, from which flow, du- 
ring the wet season of the year, Cane, Buck, Fox, isnd Pigeon runs, 
besides a number of nameless drriins, all entering Caney creek on the 
north side of that stream — the longest of these runs being about five 
miles, by a direct course from the head to the mouth of the stream, all 
nearly south— some of the steepest of the steep hill sides presenting, 
along their length, the outcrop of four different beds of coal — the same 
beds being repeated on all of these branches with more or less modi- 
ification. 

Flowing towards the west, from the ridge, are first: Richland creek, 
with a number of small tributaries, still further north; Sugar creek, 
and its branches, on the north slope of the range; and from its folds 
and wrinkles, Stuart's creek, and its branches, descend nearly due 
north. 

The equivalent of the first, second, third, and frequently the fourth 
coals of Union county, under the Anvil Rock, appear in natural out- 
crop at numerous places on those creeks, from Caney creek to the Hunt- 
ing branch. What is here said of the west side of the ridge is true 
of the east side, also, with certain modifications. Flat creek and 
Pleasant run rise in the ridge and flow toward the east. Between 
these streams the ridge is prolonged nearly to the mouth of Drake's 
creek. In many places, however, nearly surrounded by deep valleys, 
called gaps, which cross its line. 

Ten miles north of Caney creek the Hunting branch and Stuart's 
creek join their waters, and form Clear creek — the Hunting branch 
flowing from the east, and joining Stuart's creek, which flows from 
the south, forming nearly a right angle with Clear creek, which flows 
to the southwest 
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A territory here, with its southern boundary on Caney creek, with 
a breadth six of miles from the mouth of Cane run, extending to 
the north ten miles, covering about fifty -four thousand acres, presents 
probably as many natural outcroppings of six different beds of tine 
workable coal, as are to be found in a district of like size in any coal 
field, if not more. 

The facts here exhibited may be explained on the hypothesis thaf 
the axis of Wright's ridge, which has a general course north and south, 
is crossed nearly at right angles by a series of waves, elevatiug and 
depressing the measures composing the ridge. 

These waves carrying the same measure, from the anticlinal to the 
synclinal axes, upward and downward, from fifty to one hundred and 
fifty feet, with a distance from north to south, of from a half to three- 
fourths of a mile, from the summit of the wave to the summit of the 
succeeding one, gradually sinking deeper and deeper below the hori- 
zon of the last preceding wave. At the same time there is an axis of 
elevation rising from the flat land on the east side of the ridge attaining 
the greatest elevation, near the longitudinal axis of the ridge; then 
again dipping toward the flat lands of Richland and Clear creeks. 
The amount of this elevation and depression crossing the ridge vary- 
ing, in different places, from seventy to two hundred and twenty feet. 

On the south face of the spur of the ridge lying parallel with Ca- 
ney creek, and near the Christian Privilege meeting-house before al- 
luded to, is an out-crop of coal, known as the Charles Woodrufl' bank. 
The coal has been stripped, and a small amount taken from the tail of 
the bed, which is four feet seven inches high. The dip here is south, 
or a little west of south, at the rate of two or three degrees. There 
is some doubt as to the precise direction of the dip, but the coal cer- 
tainly dips from the axis of the hill. This is the first bed on the south 
side of the basin, in this district, that exhibits calcareous spar in the 
fractures of the coal. The coal is hard and firm, and not unfrequent- 
ly breaks with a choncoidal fracture. The roof of the coal is very 
black bituminous shale, from five to six feet thick. 

There is no heavy sandstone to be seen here, but about one hun- 
dred feet above the coal, and one-fourth of a mile to the west, is a 
bluff of solid sandstone, weathering into rock houses, resting on fif- 
teen feet of blue argillaceous shale. The sandstone, measured in a 
favorable place, is nineteen feet thick; its upper exposed surface is 
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eighty-five feet below the top of the hill, mostly of soft materials. 
About forty-one feet above the rock, is a belt of calcareous material, 
some fifteen or twenty feet wide, which seems to result from the waste 
of a limestone ; its out-crop does not show on the surface at this place, 
but was found afterwards in place fifteen to sixteen feet thick. 

Further west the equivalent of the Charles Woodruff coal outcrops 
in the bed of a small branch, at about the same horizontal level as 
that coal. Descending this branch to Cane run I examined the sev- 
eral out-crops on the land of Mr. John Davis. 

The following section, taken from one of these outcrops of the bed 
here exposed to view, will give its general character, although it is va- 
riously modified at every different locality. 

Section on Cane run, from one of the so-called beds of black band ore. 



Heighth. 


Thickness. 


Ft. In. 


Ft. Iq. 


17.4 


10.0 Black shales, top of exposure. 


7.4 


.6 Pyritiferous shales and coal. 


6.10 


.4 Hard black shale. 


6.6 


2.0 Pyritiferous shales, eighteen to twenty-four inches. 


4.6 


.6 Irregular sandstone. 


4.00 


2.6 Pyritiferous argillaceous shale. 


1.6 


1.6 Sandy shale. 




.0 Coal in bed of creek from three inches to two feet thick 



At one of the points on Cane run, where the foregoing section was 
made, a six-inch coal rests on a bed of sandy micaceous shales, full of 
fine specimens of stigmaria, in a good state of preservation. They 
are generally flattened, or partially crushed, and sometimes eleven 
feet in length, but too delicate to preserve entire* with the means then 
at my disposal. 

By a section obtained near here of strata, exposed forty-five feet 
above the last section, no openings having been made, I am not able to 
say whether there is a workable coal or not. I am rather led to believe 
it is only a thin band of black bituminous shales, covered by bluish 
argillaceous shale, and thin micaceous sandy shale. It is highly prob- 
able that the former bed has been thrown up, and that this ou<>crop 
is only a part of the upper members of the last cited section. 

All the materials in this particular locality are very soft. The hills 

#See specimsns collected, marked Oane run, Hopkins county. 
43 -• 
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and points are round and smooth ; the ravines are deep, and cut 
through the clay down to the soft argillaceous or sandy shales. 

At all the points observed on Cane run, the dip was in either the 
south, southeast, or southwest direction. No rocks were observed 
dipping at the northward, except at Mr. Joseph Woodruff's. 

On one of the head branches of Cane run, which runs from the east 
toward the west on the northside of the spur of Wright's ridge, called 
"Dozier" is to be observed the equivalent of the Charles Woodruff 
coal. This last out-crop is on the land of Mrs. Nancy Morgan, and 
the bed is here known as the "Nancy Morgan coal." 

The ravine in which the branch has its course being one of denuda- 
tion, the out-cropping coal bed is seen on both sides of it. The dip 
is from one to two degrees to the southwest. 

Crossing a spur of "Z?02?er" to the head of Pox river, in an east- 
wardly direction, I visited, on the run, two exposures of one of the 
most distinctly marked beds of coal in this region. One of these ex- 
posures is near the water level of the run; the other lies about one 
hundred yards further to the east, i. e., down the run. 

This last exposure gives the following section : 
Section of Fox Run coal, on the lands of the "Hopkins Mastodon coal company." 



Hdghth. 


Thickness. 


Ft. In. 


Ft. In. 




44.0 


16.0 


Covered space. 


29.0 


8.0 


Bituminous shale. 


21.0 


4.0 


Coal. 


17.0 


1.6 


Under-clay. 


16-6 


3.3 


Sandy shale. 


12.3 


2.3 


Rough ferruginous limestone. 


10.0 


10.0 


Micaceous and sandy shale. 




.0 


Bed of Fox run. 



This is bright and hard, exhibiting very little sulphur. A small 
quantity having been mined three years before my visit, was found 
lying near the outcrop ; it was very bright, and is evidently a good 
coal to resist the destroying effects of exposure. 

At this point the measures dip eastwardly; nearly south the bed 
has fallen to a lower level by a dip in that direction, and at forty feet 
from the place of the section, on the north side of it, the measures 
are falling toward the north. Here is probably the summit of one of 
the waves befqre alluded to, as crossing Wright's ridge. 
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On a branch of Flat creek, on the east side of Wright's ridge, four 
miles north of Caney creek, and near the ^'Mitchell Old Field,'' is an 
out-crop of the equivalent of the bed of the John Davis section on 
Cane run. 

From the locality, at the Mitchell Old Field, the bench covering the 
next coal above this horizon, may be traced up a drain coming into 
Flat creek from the south side, to the place of the section which will 
be hereafter given. From which place, the heavy mass before alluded 
to, as covering the coal, may be traced down Flat creek to the crossing 
of the Madisonville and Hopkinsville road, where the coal also out- 
crops ; at seventy -five feet above the equivalent bed, at the Mitchell 
Old Field locality ; it is also seen out-cropping in the bed of the 
drain leading from the tunnel of the Nashville and Henderson rail- 
road to Flat creek, showing the upper part of the "Black Band Bed." 

The same coal bed may also be traced, by the covering mass of 
sandstone, up Flat creek to the Box Mountain springs. Up the right 
hand, or north branch, the Black Band may be traced through the 
gap across the ridge, to the headwaters of Stuart's creek, while up the 
south, or left hand branch, the coal above it is easily traced, by the 
sandstone before alluded to, to the very source of the stream, there be- 
ing many places, on both sides of the branch, when the coal is itself ex- 
posed in outcrop. Some of these exposures have been slightly 
opened. 

There is great difficulty in obtaining the thickness of the rocks, or 
the interval between the coal beds, which arises from the uncertainty 
as to the direction of the dip for any considerable distance, and from 
the fact that the dip so generally conforming, in some considerable 
degree, to the sloping hill sides, the thickness is almost certain to be 
made too great by a quantity equal to the amount of the dip, and the 
data for the correction of this error cannot be obtained with any de- 
gree of certainty. 

All the localities of the so-called Black Band ore, on Cane run, 
Stuart's, Richland, and Flat creeks, are no doubt the out-crop of the 
same bed, and although there is great difference in the character of the 
bed, in different localities, but from the relation this bed bears to the next 
succeeding measure in an ascending order, (which is so distinctly 
marked as to be unmistakeable,) I have no hesitation in placing all 
the Black Band localities in the same Geological horizon. 
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The differences to be found in sections taken of this bed, at a dis- 
tance of three or four miles asunder, are not greater than of those at 
the same out-crop, within a few feet of each other. The last remark 
will apply with great force to the localities on Cane run. 

The following section taken across one of the spurs of Wright's 
ridge, called "Barnei/'s ridge," is probably the most reliable section — 
reaching from one coal bed to another — obtained in the ridge country. 
The line of the section being very short, and measured nearly with 
the direction of the strike line, while the vertical distance differs from 
the horizontal dent about as three to one. 

Section at Barney's Ridge, half a mile south of the Mitchell's old fiield. 
Seighth. Thickness. 

Ft. [n. Ft. Iq. 

166. 20.0 Covered space to top of ridge. 

146. 14.0 Sandstone? 

Coal?* 
132.2 37.4 Steep bank, partly covered and partly sandy shale. 

95;0 26.0 Steep face of bluff, principally thick bedded sandstones. 

69.0 12.00 Hard mass of sandstone. 

fl7.0 l6.0 Steep bank, covered wit,]! loose sandstones. 

41.0 4.0 Black bituminous shale. This mass probably extends 

higher. 
37.0 6.0 Coal. 

No under-clay. 
32.0 2.6 Pyritiferous sandy shale. 

29.6 4.0 Top of limestone, loose blocks. 

25.0 Base of rough blocks limestone; covered space mostly sandy. 
7.0 Shales, seven feet in sight, at 

.0 Bed of branch. 

At the head of the south fork of Flat creek, one and a half miles 
from the Box mountain springs, the out-crop of the coal, placed 
at one hundred and thirty-two feet in the last section, is to be seen in 
out-crop, in a notch in the hills at the heads of that and Richland creek, 
at the very summit of the ridge dividing these two streams. The 
coal, at the base of the section before given, having been traced the 
entire length of the valley. Here the ridge is much wasted by denu- 
dation, which has cut out the upper coal immediately at the notch, on 
either side of which the hills are much higher than at the notch it- 
self 

*This bed was afterwards seen ia place; it is the equivalent of the Bear Wallow coal, &c. 
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The following section, taken on the southeast side of the notch, in- 
cludes the upper part of last section : 

Section at Bear Wallow, head of Richland and Flat creels. 

Heighth. Thickness. 

Ft. In. Ft. In. 

69. 18.0 Covered space above sandstone, composed of waste of san- 

dy shale. 

51.6 10.0 Heavy sandstone. 

41.6 1.6 Black bituminous shale. 

40.00 2.0 Coal. 

38.0 1.0 Under-clay. 

37.0 37.0 Sandy and argillaceous shale, near the base of which are 

several thin, broken bands of carbonate of iron, from talf 
an inch to two inches thick. 
.0 0.0 Base of shales at covered space. 

The bed of shale, and the carbonates at the base of the above sec- 
tion, strikingly resemble the covering mass at the "Gordon coaV bank, 
on the south east side of the ridge. 

The coal at the Bear Wallow is seen in out-crop on both sides of 
the notch, descending by a rapid dip towards it; conforming, in a 
great degree, to the surface of the ridge. On the south side of the 
notch the dip is to the north ; while on the north side the dip is south. 
The Bear Wallow is evidently situated upon, or near a line of fracture 
which runs up the south branch of Flat creek, crossing the ridge at 
the Bear Wallow. It may also be traced for some distance down the 
valley of Richland creek ; a similar line of fracture also crosses the 
ridge by the line of the north branch of Flat creek, and is finally lost 
to sight in the valley of Stuart's creek. 

From the top of the ridge, near the Bear Wallow, an extensive pros- 
pect is opened to the south and west, extending from the ridge across 
the flats of Richland, Clear creek, and Tradewater river, to the mar- 
gin of the coal field ; around which extends a barrier of hills, formed by 
the upturned edges of the beds of millstone grit and sub-carboniferous 
limestone; taking in at one view the line of hills from the headwaters 
of Casselbury creek, the longest branch of Tradewater river, to the hills 
at the mouth of Piney creek. Thus exhibiting, at one view, the line of 
the margin of the coal field extending through Christian and Caldwell 
into Crittenden county, a line seventy -five or eighty miles in length, 
varying in distance, from the observer, from twelve to thirty miles. 



Heighth. 
Ft. In. 


Thickness. 

Fr.. In. 


186.0^ 


100.0 


83.0^ 


2.4 


82.8.^ 

82.4 
81. 8| 
81.4^ 
76. 11^ 


.4 

.8 

.4 

4.6 

.2 


76. 9^ 
75.0 


1.9. 
76.0 
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On the south side of Clear creek, near the Madisonville and Prince- 
ton road, is to be seen an opening into a coal, here known as the Bar- 
ret bank. This opening is situated on the north face of the hill, about 
seventy -five feet from the bed of the creek. 

This bank gave the following section: 

Section of the Barrett coal lank. 

Covered space to top of hill. 

Marly shales, grey and dove colored, with segregations 

of iron stones. 
Black marly shale. 

Black marly shale with segregations of limestone. 
Black bituminous shales. 
Coal. 

Parting clay. 
Coal. 

Covered space. 
0.0 Bed of creek. 

The same bed of coal was visited, where it had been worked by Mr. 
P. M. Robinson, on the south side of Clear creek. The coal lies near 
the level of the creek, and gives the following section: 

Section of P. M. Robinson's coal hank. 

Heighth. Thickness. 

Ft. In. Ft. In. 

89.2 70.0 Space covered by soft materials. 

J 9.2 1.0 Shale in sight, at foot of covered space. 

18.2 3.4 Coal. 

14.10 .4 Coal rust. 
14.6 1.2 Parting clay. 
13.4 1.6 Sandy shale. 

11.11 3.0 Limf stone. 
8.11 .8 Marly shales. 

8.3 1.7 Black bituminous shale. 

6.8 4.2 Coal. 

2.6 .2^ Parting clay. 

2.3^ 2.3^ Coal. 

.0 Top of under-clay, the thickness not seen. 

The coal is soft, iridescent, much marked with pyritiferous matter. 
The beds, at the opening, are dipping to the northeast at one or one 
and a half degrees. The beds again come to the light near the bed 
of the creek, about half a mile above the Robinson bank. No good 
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section could be obtained here. The bed has the same limestone cov- 
ering, which lies much nearer to the lower coal here than at the Rob^ 
inson bank. 

The dip observed at this bank was six degrees, in a direction north 
fifteen degrees west. Still further up the creek, an opening has been 
made into a coal called the Marston Hall bank. A section of all the 
materials, at the openings, could not be obtained, I am, therefore, una- 
ble to identify this as the equivalent of any of the beds heretofore 
seen. The distance from this to the last hank is about half a mile. 
About fifty yards to the northwest the bed of the creek is a pyritifer- 
ous limestone? 

A section fi:om the bed of the creek up to the coal is as follows : 

Section on Clear creek which includes the Marston Hall coal. 

Heighth. Thickness, 

Ft. In. Ft. In. 

98.0 20.0 Covered space to top of point. 

78.0 3.0 Black bituminous shale. 

75.0 4.6 Coal. The whole bed was not seen. 

70.6 66.0 Covered space up to bottom of exposed coal. 

16.6 2.6 Sandy shale and flagstones. 

13.0 12.0 Sandy shale with ironstones. 

1.0 1.0 Limestone? 

.0 .0 Bed of Clear creek. 

Dip to northwest; rate one degree. 

The two last localities observed are separated by the valley of a 
branch entering Clear creek fi:om the south. On the line of this val- 
ley is to be observed great irregularity, both in the amount and direc- 
tion of the dip. Near this last branch, called Stuart's creek, and high 
in the hills, an examination was made of a coal opened by Mr. Hiram 
Oldham. The following arrangement was presented here: 

Section of the Hiram Oldham coal bank. 
Heighth. Thickness. 
Ft. In. Ft. In. 

9.10 2.6 Black bituminous shale. 

7.4 0.6 Marly shales with segregations of limestone. 

6.11 1.3 Rotten or partially decayed coal . 
6.8 3.2 Solid coal; good quality. 

2.6 .2 Parting clay. 

2.4 2.4 Coal. 

Th^ under-clay is not exposed, except at its upper surface. 



344 TOPOGRAPHICAL REPORT OP GEOLOGICAL SURVEY. 

The belt of calcareous shales presented at this opening a lenticular 
mass, fifteen feet in length, and one foot thick in its thickest part, 
gradually thinning away to a line at either encj. 

It is probable the limestone at the Barrett and Robinson banks are 
here represented by this mass of marly material. 

No bed of coal was discovered in the ravine below the Oldham 
coal. This coal lies from one hundred and fifty to two hundred and 
fifty feet above the bed of Clear creek, about three-fourths of a mile ot 
the southeast of the Robinson bank. 

Before closing my report on the Wright's ridge country I will add 
a few remarks, to those already made, on the subject of the so-called 
bed of Black Band. All the known exposures of this bed in the coun- 
try having been visited, the following section on the headwaters pf 
Stuart's creek, will be added. 

Section of so-called Black Band* i^d at head of Stuart's creeJc. 
ITeighth. Thickness. 

Ft. In. Ft. In. 

1.9 .6 Black bituminous shale. 

1.3 .1 Black 5arac?, (productive?) 

1.2 .1 Black shale. 

1.1 .1 Black 6aK(i, (productive?) 

1.0 .3 Black shale. 

.9 .1 Black band, (productive?) 

.8 .3 Black shale. 

.5 .1 Black band, (productive?) 

.4 .2 Black shale. 

.2 .2 Black band, (productive?) 

.6 Shale. 
1.0 One to two feet bluish clay. 

Segregations of limestone, probably part of a bed of limestone. 

It may be also added that no two local ties ever furnish the same 
section of ore or separating masses. The average of many localities 
may be set down at eight inches, and that all the out-crops of the 
Black Band are in the same Geological horizon. It will also be neces- 
sary that special examination be made of the ores of each locality to 
determine their value. 

Northwardly of the head of Flat creek, and on the east branches 
pf Stuart's creek, several out-croppings of the coals appear near the 

<* See aoalysia of apecimeri,.Noi 132, page 337, reportl854-55. 
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road from Madisonville to Hopkinsville — one known as the Arnold 
bank. 

An entry has been driven into the coal about sixty yards, in a di- 
rection south fifteen degrees east, which direction lies across a spur of 
a hill. 

The coal descends from the mouth of the entry for a short distance, 
with a slight dip ; then it runs level for a short distance, descending 
again, with step like grades, at the rate of about six inches in twenty- 
five feet. 

The section of the Arnold bank, east fork of Stuart's creek, is as 
follows: 

HeigMh. 1 hickness . 

Ft. In. Ft. In. 

22.8^ 14.00 Covered space, including yellow micaceous shale. 

8.8^ 1.6 Black sliale. 

7.2I- 4.9 Coal. 

2.6^ .2 Parting clay. 

2.3^ 2.3^ Coal. 

.0 Top of under-clay. 

Down the same branch, northwestwardly from the Arnold bank, is 
to be seen the Bart. Sisk bank; here the direction of the dip is north 
fifty degrees east, and the rate two and a half to three degrees, being 
greatest at the most westwardly exposure. This bank gives the fol- 
lowing section : 

Section of the Bart. Sisk bank. 
:ness. 

Black bituminous sliale. 

Coal. 

Under-clay. 

Marly shale. 

Shale with segregations of bituminous limestone. 

Coal. 

Parting- clay. 

Coal. 

Top of under-clay, thickness not ascertained. 

On the opposite side, a little further down the same branch, to the 
west and southwest, the same bed has been opened. On the north 
side of the branch the coal soon disappears, under the bed of the 
branch as you descend it, or to the west, where the upper bed of coal 
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in the foregoing section is covered by a massive sandstone, twelve to 
fifteen feet thick. 

Northwardly, for two and a half miles, no out-crop is seen, until 
immediately in the vicinity of Madisonville, where a limestone is ex- 
posed resting on a bed of argillaceous shale. Under this limestone is 
an abundance of water ; springs break forth wherever it is worn through. 
From Madisonville the limestone dips westwardly for some distance, at 
the rate of about sixty feet to the mile. 

Continuing northwardly from Madisonville and Ashbysburg road, 
I passed over a country mostly composed of soft materials. Thin 
bedded micaceous sandy shales were observed in the road two miles 
north of the town. The country is gently undulating, with high 
lauds three and a half to four miles to the northwest. At the deep 
cut the line of the Henderson and Nashville railroad was intersected, 
where is a bed of loose textured sandstone, forty feet thick; it rests 
on a mass of blue pyritiferous shale; the dip is northeast, and the cut 
exposes many lines of fracture in the mass. The line of the railroad 
was followed until it crosses the Asbysburg road, at a distance of three 
miles from the deep cut. As the road lies in the valley of a branch 
there are no good Geological sections here. The boundary of the 
valley consists of low hills and undulating land. 

The Ashbysburg road leads off to the west and northwest, crossing 
the head branches of Deer creek, and intersecting the Madisonville and 
Henderson road near Mr. Orr's. There are said to be some coal open- 
ings on the branches of Deer creek, which I was unable to visit. 

Near the intersection of the Madisonville and Henderson road with 
the road from Morganfield to Madisonville, the country begins to ex- 
hibit protrusions of the millstone grit, extending from the disturbances; 
at which are situated, two and a half miles distant to the northwest, bold 
and constant springs of limestone water (?) The wasted and worn 
condition of the farms along the road mark the area of the underly- 
ing millstone grit, brought up by the extension of the Bald Hill fault. 

The transition on the east side of the road here is probably from the 
millstone grit to the Coal Measures, equivalent to the Jerusalem 
school-house range, of Union county, which lie high in the series be- 
tween the "Blue" (Bonharbour?) and the Newburgh beds. It would 
be exceedingly interesting to settle these opinions, by an examination 
of the country here in detail. This being on the northeast side of the 
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fault (?) it is probable that a different state of case may exist on the 
southwest side of it; it is probable that the loiver coals may be found 
out-cropping on the slopes of this great ridge on the south and south- 
west side, duplicating the coals of the Coal Measures, as at Chalybeate 
and Bald hill. Having, as yet, made only three hurried journeys 
through this district, I am not prepared to give any precise informa- 
tion of the country lying between the surveyed part of Union and 
Hoplcins counties. 



CHAPTER II. 

OBSERVATIONS IN 

Greenup and Carter, and incidentally in Bourbon, Bath, Fleming, and 

Leivis counties. 

Before proceeding to report on the progress of the surveys in Green- 
up and Carter counties I shall make a few remarks on observations 
made in a few other counties along the line of travel into these coun- 
ties. 

All the rocks observed westwardly of Owingsville, in Bath county, 
belong to the Lower Silurian division, as indicated by the contained 
fossils, viz : Leptcena alternata, Orthis oceidenialis, Orthis {spirifer) 
lyra, 3Iurchisonia hicincta'} 

The disintegrated rocks around Paris produce a reddish-brown soil, 
increasing in depth of color, with local exceptions, to within four 
miles of Mt. Sterling, where it gradually becomes less red as you go 
northeastwardly toward Owingsville, beyond this the soil is of a dirty 
lemon-yellow color, with locally strips of whitish clay (crawfish) lands. 
Near Mr. Jackson's, four miles from the Licking river, towards 
Owingsville, the surface gives some indications of iron ore. 

The top of the hill east of Owingsville is capped with a yellow 
earthy calcareous stone, containing a few entrochites. This yellow 
member was first noticed at this locality; from observations made on 
this formation in December I should estimate its thickness to be from 
seven hundred to one thousand feet. From Slate creek to near the 
mouth of Triplet's creek the road runs over this member, which is 
the principal rock of the first range of Knobs, first seen in the dis- 
tance toward the southeast, after leaving Mt. Sterling. 

A short distance, after crossing the main fork of Licking river, the 
Devonian Black Slate wan first obseived on the line of this road. 
Near the mouth of Triplet's creek, on the south side of the road, the 
Black Devonian Slate presents bold bluffs, about fifty feet high, with 
a slope of an equal heighth above the bluff, evidently the wasted ma- 
terials of the same formation, which is at least as thick, if not thick- 
er, here than it is in the vicinity of the falls of the Ohio. 
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On either side of the valley of Triplet's creek, aloBg which the 
road runs, the hills are based on the slate, and are capped with the 
same knob sandstones which form the Salt river hills in Bullitt county. 

Triplet's creek has its course along a fracture or valley of this for- 
mation, nearly parallel with the strike line, and its waters flow upon 
it for twenty miles. The dividing ridge at the head of Triplet's creek, 
and between it and the waters of Tygert's creek, rises from four to 
jQve hundred feet high, above the waters of the mouth of Triplet's 
creek, and are composed of the knob-stone. 

Three miles from the mouth of Triplet's creek the knob-stone is 
surmounted by masses of chert breccia. I am not certain whether 
these masses belong to the upper or lower division of the sub-carbon- 
iferous group, as I have not yet observed any fossils in it. 

The general dip of the rocks on Triplet creek is with the line of 
the drainage, and towards the stream itself, which flows in an original 
sloping A^alley, whose contour is not produced, as one might at first 
suppose, altogether by denudation. 

After descending six miles from the dividing ridge at the head of 
Triplet's creek, down a branch of Tygert's creek, the road then leaves 
the branch, and turning to the left crosses a heavy hill two hundred 
and fifty to three hundred and fifty feet high, above the valley on 
either side of it. Towards the top a bed of limestone ten or twelve 
feet thick, is in place above the road, which, on the northeast side, 
continues to traverse the knob-stone until within a short distance of 
Olive Hill P. 0., where the limestones of the sub-carboniferous lime- 
stone set in. One mile further northeast the road crosses Tygert's 
creek, which here has its bed in a gorge cut into the sub-carboniferous 
limestone; and the rocks are dipping to the northeast. 

One mile from the crossing of Tygert's creek the millstone grit is 
first seen. The belt of the sub-carboniferous limestone is about two 
and a half miles wide along the line of the road, and is probably three 
hundred to three hundred and seventy five feet thick, including the 
intcicalated grey shale beds. For about one mile the road runs north- 
east and southwest, on the top of the masses of the millstone grit, 
which is here nearly horizontal ; then the road takes a bend more to 
the east, and crosses the hills, which are capped with the shale beds at 
the base of the Coal Measures, consisting of softshaly sandstones and 
grey shales, without any beds of hard sandstones. After passing this 
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hill, and descending on the opposite side, a limestone is cut by the 
road. The sandstone of the millstone grit thins out rapidly as we 
go northeastwardly. 

From the top of the hill to the southwest of Grayson, to the Little 
Sandy river, the rocks dip toward the river rather more rapidly than 
the surface of the country, which carries down the rocks forming the 
hill tops before alluded to, and at the ford of the river forms the bed 
of the stream. 

The following approximate section extends from the rocks at Little 
Sandy river, to the foot of the hill, southwest of Owingsville : 

Total thickness. Thickness of each member. 
Feet. Feet. 

2620 100 Soft beds at the base of the Coal Measures, in Carter 

county, with loeally a bed of limestone, twenty inches 
thick, intercalated. This member varies in thickness 
in different localities. 

Seventy-five to one hundred feet millstone grit. This 
member, as well as the sub-carboniferous limestone, 
thins out toward the Ohio river near the mouth of Ti- 
gert's creek, where this member forms a mass fourteen 
feet thick, and the sub-carboniferous limestone is only 
twelve feet thick. 

Calcareous muddy shale, with a few thin beds of lime- 
stone. 

Sub-carboniferous limestone, thinning rapidly in the di- 
rection of the Ohio river. 

Twenty to seventy-five feet grindstone grit, (upper part 
of Knob formation?) 

Knobstone, Waverly sandstone of Ohio. 

Black (Devonian) slate, 100 to 160 feet thick. 

Bufi' porous limestone of Lewis, Fleming, and Bath 
counties. 

Limestone producing red earth by disintegration. 

Slaty mudstone, thin bedded. 

Lower silurian or blue limestone, forming the base of 
the Owingsville hill. 

In reporting upon the progress of the work in Greenup and Carter 
counties, it will be necessary to premise that the facts embodyed in 
the report have been mostly derived from a reconnoisance, iu advance 
of the detailed work of the topographical party. 

The eastern coal field was entered in a favorable direction for study. 
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ing its members from the base upwards, which I consider the best 
method, since the millstone grit is always a good base of departure. 

At the crossing of the Little Sandy river this stream here flows in 
a bed worn into a mass of dark sandy micaceous shales, immediately 
above which rests the little, or eight inch, coal of Stinson's creek, 
which I consider the lowest coal in these measures. An opening has 
been made into this coal, about one hundred yards to the left of the 
road, at the foot of the first hill beyond Stinson's creek, but no satis- 
factory view of the coal and the associated measures could be obtain- 
ed, as the drift had fallen in. The Stinson cannel coal shows itself 
in a number of places in the hills at the right of the road adjacent to 
Stinson's creek. This bed is worked here by J\Ir. James Clark ; the 
bed at this place lies about forty feet below the top of the hill. 

The following approximate section, here given, is the best I am at 
present able to furnish; most of the quantities are from actual meas- 
urement: 

Section of the Stinson creek connel coal, and the associated beds, descending to the 

iffiillstone grit. 
Thickness. 
Ft. In. 

18.00 Covered space, consisting principally of sandy shales. 
2.0 Black bituminous shale, partly wasted. 
.8 Bituminous coal. 
.4 Clay streak 
1.9 Cannel coal. 
1.0 Under-clay. 
40.0 Sandy shales. 
18.0 Heavy sandstone. 

32.0 Shaly sandstone, soft and generally thin bedded. 
.8 Coal, (lowest coal here.) 
1.2 Under-clay. 
50.0 Sandy shales, equivalent of shales at cropping of Little Sandy. 
1.8 Limestone. 

4.4 Soft shales and shaly sandstone. 
.0 Upper part of millstone grit.* 

All the workings I have seen of the cannel coal have been made by 
stripping the coal bed. The softness of the covering materials ren- 
ders a perfect section, from natural outcrop, nearly impossible. 

* This is a continuation of section heretofore given, pagps 153, 54, and 55. 
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At three and a fourth miles from the crossing of Stinson's ereek the 
heavy sandstone at Star Furnace caps the hill, dividing the waters of 
Stinson's and William's creek. 

Under this heavy sandstone are two beds of argillaceous shales, 
separated by seventy feet of sandy shales; the upper bed is only a 
few inches thick, while the lower is several feet. The lower bed has 
been worked for iron ore, and furnished some good patches of ore, but 
no regular bed has been discovered in any of the shale beds at this 
locality. 

Northeast of these ore diggings, and beyond the hill, is the Star 
Furnace Branch of Williams' creek. The Star Furnace is founded 
upon the rock which caps the hill to the southwest, and over which 
rests the Star Furnace Coal ; this sandstone also underlies the Catletts- 
burgh, Reiley, Barrett, Gushing, and Williams' coal; also, the lower 
coal at the Williams' creek tunnel, and the twin coal near Ashland. 

The following section applied above the Stinson creek cannel coal, 
will bring that section up to the Star Furnace coal: 

Section at the Star Furnace, Carter county. 
Thickness. 
Ft. In. 

25.0 Covered space. 
4.0 Sandy shale. 
2.0 Coal. 

.4 Parting-clay. 
2.6 Coal. 
1.6 Under-clay. 
20.0 Alternations of sandstone and shale. 

Ore bed, Kidney ores in shale. 
36.0 Alternations of shales and sandstones. 

.6 Black clay streak. 
26.0 Star Furnace sandstone. 
80.0 Dark-grey sandy shales, 

Sandy and argillaceous alternating: 
Place of Stinson creek cannel coal. 
Thirty-seven feet below the twin coal of the foregoing section, is 
the position of the "Blue Ore" beds, which are estimated at the fur- 
nace at about three feet thick. 

Descending the branch from the furnace, toward Williams' creek, 

the rocks are found dipping, in an eastwardly direction, a little more 

rapidly than the slope of the country. A mile and a fourth from the 

furnace the road makes a sudden bend down Williams' creek, which 

45 
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runs more to the north, (about N. 20° B.;) here the rocks are seen 
along the side of the road nearly on the strike line, and are generally- 
found to conform, in a very considerable degree, to the contour of the 
spurs of the hills that come down to the rocks, rising the points, and 
descending to the A^alleys between them, so that every point is an anti- 
clinal, and every ravine a synclinal axis — the rise being about equal 
to the fall. This state of case continues, with slight modifications, 
along the line of the road from the mouth of the Star Furnace Branch 
to the mouth of Catletts' creek; sometimes the rocks are found rising 
as high as three hundred and lift}'' feet. 

From the mouth of the Star Furnace Branch, by the line of the 
road, to the Williams' creek tunnel, no new measures come in. The 
rocks rise and descend with the road line, or the measures rise and de- 
scend again in waves, the greatest elevation of which is probably fifty 
feet. 

The materials, as well as the thickness of the individual members, 
are very much modified as they are traced from the Star Furnace 
Branch to the tunnel on Williams' creek; and were they not followed 
step by step, and never lost by the eye, they would hardly be recog- 
nized as the measures of the Star Furnace, yet they are their equiva- 
lent. 

A starting point for the detailed surveys of Greenup and Carter 
counties was made at the south end of the Williams' creek tunnel, on 
the Lexington and Big Sandy railroad. TJie first line was carried from 
this point to Catlettsburgh, and from thence extended over the county. 
The lines of this work have been plotted, and reduced to the scale of 
soioo- There being large tracts of country not reached by these lines, 
the streams and roads only have been laid down; when the work has 
been sufficiently completed, and the lines brought sufficiently near each 
other, it is proposed to lay down the hills, and cross the map, in seve- 
ral directions, with geological sections, which wUl be done dupng the 
present season. 

Passing over the hill at the tunnel, which is the dividing ridge be-: 
tween Williams' creek and the east fork of Little Sandy river, the wav- 
ing arrangement of the rocks is such that the upper member of the 
coals at the tunnel rises nearly to the top of the highest ridge, and 
again fall toward the valley of the east fork of the Little Sandy, thus 
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btinging the lowest coal at the tunnel, i. e., the equivalent of the Star 
Furnace coal, down to the bed of the stream. 

On the east side of the stream, near the water line of the creek, 
(now nearly dry,) is to be seen the equivalent of the lower coal at 
William's creek tunnel, which I shall hereafter distinguish as the Twin 
coal. 

Section of Twin coal near Iridge, east forh of Little Sandy. 

Heighth. Thickne^. 
Ft. In. Ft. In. 

30.8 10.0 Grey shale, with Kidney ore and small bands of carbonate of 

iron ore. 

20.8 2.4 Blue shale, (or grey metal.) 
18.4 2.4 Coal. 

16.0 6-0 Sandstone with oblique lines of df^position, equal to 46° from 

the horizon. 

10. 1. Coal. 

9. 1. Under-clay. 

8. 2. Fine grained sandstone. 

6. 2. Dark sandy shales. 

4. 4. Covered space pfobably shalfes. 

0. Pool above bridge. 

The reader may contrast this with that at the north end of the 
tunnel. 

Section at north end of Williams' creek tunnel. 

Heighih. Thickness. 

Ft. In. Ft. In. 

95.1 1 36. Covered space to top of hill, mostly shales. 

60.11 1. Sandy shale. 

69.10 1.1 Argillaceous shale. 

58.9 1.2 Argillaceous shale, dark. 

57.7 1.6 Grey sandy shale. 

66.1 1.6 Black bituminous shale. 

64.8 1.0 Slaty coal. 

63.8 1.0 Yellowish-grey argillaceous shale. 

62.8 1.6 Bituminous coal in blocks. 

51.2 .7 Under-clay from five to eight inches. 
60.7 6.10 InAuvaXed. fine clay. 

44.9 .7 Coal. 

44.2 9.4 Yellow and bluish shale. 

34.10 31.0 Sandstone, heavy bedded. 
3.10 1-6 Fire clay. 1 

2.4 1.8 Coal, 1 foot to 2 feet. |- Twin coal. One member lost. 

.8 .8 Under clay. ) 

.0 Bottom of tunnel. 
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Section at south end of Tunnel, about 800 feet distant from place of last section. 

Heighth, Thickness. 

Ft. In. Ft. In. 

80.4 29.0 Sandstone. 

61.4 1. Coal. 

60.4 2. Under-clay. 

48.4 6.0 Shaly sandstone and shales, 

42.4 -6 Coal six inches to two feet. 

41.10 .2 Carbonate of iron. 

41.8 6.0 Argillaceous shale. 

36.8 1.8 Pyritiferous ore? 

35.0 36.0 Upper part of sandstone, equiralent of the Star Furnace 
sandstone. 

With the exception of the six feet sandstone, in the last section, 
there is a great similarity between this coal and the lowest coal of the 
previous section; this sandstone also thins out and disappears in the 
short distance between the ends of the tunnel. 

There is associated with the sandstone and shales below the Star 
Furnace coal a ledge of rock of a dark-grey color, about four feet 
thick, in many places exfoliating in thin scales of a ferruginous char- 
acter, to which I would call your attention. (See specimen, No. 
1001.) 

The timber of the country in the northeast part of Carter county 
is generally white oak, beech, poplar, and some maple in the valleys. 
The soil is of a light yellow drab coloi", and thin. 

Half a mile from the "east fork" is the village of Cannonsburgh; 
from this point the road, which runs up a tributary of the east fork, to- 
wards the mouth of Big Sandy, is nearly in the direction of the strike 
line; the conformity of the rocks to the shape of the hills is not so 
apparent immediately on the line of the road as it is on either side of 
it, at a short distance from it. 

The sandstone above the upper coal at the tunnel generally rises to 
the tops of the hills — sometimes in an unbroken bluff on both sides 
of the road in the valleys, above which it rises sometimes about sev- 
enty five feet. 

Descending the hill forming the western limit of the water shed of 
the Big Sandy this sandstone presents a remarkable appearance, which 
appears to have originated in a sliding motion of the beds from the S. 
W. toward the N. E. Here, also, certain bands of different colored 



TOPOaRAPHICAL REPORT OF GEOLOGICAL SURVEY. 357 

earths were first observed, which subsequently materially aided me in 
defining the Coal ^Measures elsewhere, both in Greenup and Carter 
counties, where horizons of sandstone and limestone were absent, as is 
the case in about two hundred feet of these measures lying above this 
sandstone, with a few exceptions, and these are quite local, or of very 
limited area; while these bands of colored earths are of great extent, 
and may be found in roadways and water-worn ravines, on almost every 
hill side composed of this geological equivalent. These bands will 
consequently be referred to frequently, as they form a distinguishing 
feature in many of the succeeding sections. 

The sandstones of equivalent beds are more massive at the mouth 
of Catlett's creek than they are at the head of the creek, or on the 
head of Key's creek. Two of the distinguishing masses of sandstone, 
i. e., the mass over the Star Furnace coal, and the Star Furnace sand- 
stone, which are separated by many feet of shales, coal, &c., come to- 
gether and form one mass, on the farm of Mr. Gartrell, on the Ohio 
river; also, the bluff between Ashland and Hood's creek presents a 
similarly constituted mass; where these beds are thus brought togeth- 
er the coal equivalent to the Star Furnace, or twin coal, is absent. 

From the mouth of Catlett's creek, (the line of which is a fault where 
it emerges from the hills,) the rocks rise as you go down the Ohio 
river; they also rise as you ascend the valley of the creek, equal to the 
ascent of the valley nearly to its head. The rocks also rise rapidly as 
you ascend the right hand branches of the creek, or to the northwest 
and south. 

On the Horse branch, one mile below the mouth of Catlett's creek, 
the twin coal is worked by Dr. Cushing, on the east side of the branch 
— the coal having been again brought down to the level of high water 
of the Ohio river by a curving dip, conforming partially to the shape 
of the ridge dividing the Horse branch from Catlett's creek. A short 
distance from the mine of Dr. Cushing, Mr. Williams has opened the 
equivalent bed on the west side of the branch. The coal here gives 
the following section, varied at different openings : 

Section Dr. Gushing' s hank. 
Heighih. Thickness. 
3.7 2.0 Coal. 

1.7 .7 Parting-clay. 

1.0 1.0 Coal. 

.0 Top of under-clay. 
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The equivalent bed of coal near the mouth of Catlett's creek, is as 
follows : 

Section of coal, 'niouth of Catlett's creek, 
ffeighth. Thickness. 

3.2| 1.5 Coal. 

1.9^ .9J- PaJ•ttng-c]a3^ 

1.0 1.0 Coal. 

0.0 .0 Top of under-clay. 

This opening is estimated at sixty^five feet above low water of the 
Ohio river; it is covered at high water. 

On Catlett's creek, half a mile above the place of section last given, 
the following section, with the associated materials, was obtained. 

Section of ( Twin coal) at Reiley's mill. 



Seighth. 


Thickne. 


Ft. In. 


Ft. Ii 


182.3 


100.0 


82.3 


21.0 


61.3 


8.0 


53.3 


18.0 


36,3 


12.0 


22.3 


1.1 


.21.2 


.8 


20.6 


1.0 


19.6 


3.0 


16.6 


10.0 


6.6 


.6 


6.0 


6.0 


.0 


.0 



I! 



Covered spaCe. 
Heavy sandstone. 
tPlaoe of coal? 
[Covered space. 
Sandstone. 
Coal. 

Parting-clay. 
Coal. 

Under-clay. 

Drab argillaceous shale. 

Irregular belt of carb. of iron, varying from 8 to 3 inches. 
Yellow-grey shales. 
Sandstone bed of creek. 

The bluff on the Gartrell farm, before alluded to, is one hundred 
and twenty-two feet eight inches in heighth, with a soft space near the 
center dividing it into two hard masses ; the soft space is mostly soft 
f^andstone, with a few hard thin bedded flagstones; it varies, where best 
seen, from two to eight feet. The rocks forming the lower end of this 
bluff dip to the southwest, at the head of a short ravine. At Ihis 
point are seen a few thin and broken sheets of coal, wedged into and 
between the flagstones of the centre, or soft mass of the bluff; also, 
many impressions of fossil plantsi The bluff is carried by the dip, 
about three-fourths of a mile from the Ohio river, to the rear of the 
city of Ashland; where it is composed of the mass forming the up» 
per part of the bluff above the city and the mass, over the Clinton Fur- 
nace coal, which is worked in several places near the city. Below the 
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city the bluff, equivalent to the Gartrell bluff, again approaches the riv^ 
er, the two masses of sandstone still in close contact. This bluff con- 
tinues unbroken to the bank of Hood's creek, where the great sandstones 
are again separated, and receive between them the equivalent of the 
Uvin coal and a small amount of shales. Here the coal is quite thin; 
near the centre of the bluff it is locally capped with limestone, which 
extends from the railroad, near Ashland, to Hood's creek, one and a 
half miles below. This is only about a mile from Bellefont Furnace. 
In this short space a most noticeable change has taken place, which is 
the introduction of a bed of argillaceous shales between the base of the 
limestones capping the bluff above Hood's creek and the sandstones 
on which they rest at that point. 

The following sections of the equivalent measures at Hood's creek 
and Bellefont Furnace, will illustrate the character i^nd extent of this 
change ; 

Section at Hood' s creek, 
'cness. 

In. 

Earth stripping above limestone. 

Shales, argillaceous. 

Limestone ore, three to ten inches. 

I(imestone, four and a half to five feet. 

Shales. 

Coarse sandstone, frequently full of waterworn pebbles. 

Streaks of coal and shale. 

Sandstone. 

Under the sandstone at Hood's creek ford, twenty -eight feet below 

base of section, sandy shale. 

Section at Bellefont Furnace. 

Heighth. Thickness. 

Ft. In. Ft. In. 

104.10 15.0 Clay stripped to raise ore and limestone. , 

89.10 .10 Limestone ore, eight to tvcelve inches. 

89.0 3.00 Limestone, one to four feet. 

86.0 2.00 Fire clay. 

84.0 18.6 Bluish-grey shale. 

65.6 15.0 Sandstone; no pebbles observed. 

50.6 14.0 Black and blue-gray argillaceous shales, 

36.6 3.6 Coal. Thin clay parting. 

33.0 2.0 Under-clay. 

31.0 31.0 Sandstone. 



Heighth. 


Thic 


Ft. [n. 


Ft 


70.1 


8.0 


62,1 


3.4 


68.9 


.3 


68.6 


4.0 


54.6 


1.0 


63.6 


21.0 


32.6 


2.6 


31.0 


31.0 
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At three-fourths of a mile from the Ohio river the road from Ash- 
land to the Clinton Furnace intersects the line of bluffs, and ascends 
then by a gentle ascent. The coal mined near the road here is the 
equivalent of the coal mined near the Clinton Furnace. In the vicin- 
ity of these openings in the coal is to be seen a sandstone, remarkable 
for the coarseness of its texture, and for the softness and want of co- 
hesion of the particles composing the upper part of the mass. This 
mass of sandstone overlies the coal, and in some districts serves as a 
a Geological horizon. The rocks dip towards the valleys, viz: On 
the east side of the road towards the valley of Key's creek, and on 
west and southwest towards the valley of Hood's creek. Half a mile 
from where the hills* commence the land is nearly level, or gently 
roling; further from the Ohio the measures dip to the southwest to- 
wards the small branches of Little Hood's creek, while to the left, or 
east side of the road, the dip is to the northeast, or toward the small 
branches of Key's creek. Two miles from the Ohio river a synclinal 
axis crosses the road at right angles with it; beyond this the rocks 
again dip to the northeast and north, towards this depression of the 
measures, after this on to the ridge dividing Key's and Little Hood's 
creeks. 

The soft sandstone alluded to, as being, above the coal on this road, 
may be traced, around the hills, either up Key's or Hood's creeks, 
to the neighbourhood of Clinton Furnace. The upper part of this 
sandstone is excessively soft in many localities. Above this soft sand- 
stone the same variagated earths were observed, elsewhere alluded to. 
The indellible tints of these earths, derived from the weathering of the 
strata overlying this sandstone, afforded an excellent clue to the identi- 
fication of the equivalent measures of Greenup and Carter counties, 
where the rocks themselves were not seen in place — since these colored 
earths may be seen in the cuts of the roads, the gullies, and slopes of 
the hill sides, when no rocks are in view. 

The following section, taken in the cut of the Clinton Furnace road, 
is an illustration in point, as are several of the succeeding sections : 

*Bouldera aud gravel of the drift period, have been deposited upon these hills, and on 
the flat country north of the main dividing ridges. [These hills are from one hundred 
and fifty to one hundred and seventy-five feet high above the banks of the Ohio, at Ash- 
land. No drift was observed at a greater elevation than these hills, nor ia the valleys very 
slightly elevated above the banks of the river, nor on any of the streams behind the range of 
hills separating the Ohio river from the small streams running parallel to its course. 
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Section in road from Ashland to Clinton Furnace. 


Eeighth. 


Thickness. 


Ft. In. 


Ft. In. 




186.0 


8.0 


Sandstone. 


148.0 


3,0 


Yellow shale. 


145.0 


2.0 


Black clay streak. 


143.0 


6.0 


Yellow shales. 


128.0 


11.4 


Top of red streak. 


106.8 


10.8 


Top of sandstone, and foot of red streak. 


96.0 


11.0 


Sandstone. 


86.0 


6.0 


Top of red streak. 


80.0 


16.0 


Bottom of red streak, above sandy shales. 


64.0 


6.0 


Sandstone, fifteen inches thick. 


59.0 


32.4 


Yellow-grey shales. 


26.8 


16.0 


Foot of yellow streak. 


10.8 


10.8 


Small gravel ore in road. 


0. 


.0 


Top of soft sandstone above Ashland coal, equivalent of 
the Clinton Furnace coal. 



The following section, taken near the Clinton Furnace, starts from 
the top of the sandstone under the Clinton Furnace coal, (it is also the 
equivalent of the sandstone over the Williams' creek tunnel coal, Star 
Furnace, Catlett's creek, and Horse Branch coal, and is distinguished 
here as the sandstone between the coal in the well and the Clinton 
Furnace coal,) will serve to show the relation of the ore beds here to 
the quantities between them : 

Section at point of hill northeast of Clinton Furnace, 
ss. 

Top of the bench, and bottom of a five-foot red streajt. 
Ore diggings. Kidney ore. 
Ore diggings in sandy shale. 

Top of sandstone over Well coal, and under Clinton Fur- 
nace coal. 
The following section taken of the hill from Mr- Burwell's bouse, 
near the Clinton Furnace, will further connect the ore beds, and will 
also serve to show their relation to the bands of colored earths and 
associated materials: 



46 



Eeighth. 


Thickn 


Ft. In. 


Ft. In. 


117.8 


38.0 


79.8 


42.4 


37.4 


37.4 


0. 


0. 



Heighih. 


TUcln 


Ft. lu. 


Ft. I 


216.4 


8.0C 


218.4 


12.0 


206.4 


14.0 


191.4 


5.4 


186.0 


5.4 


180.8 


10.0 
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Section at Mr. Burioell's house, 
s. 
In. 

Top of sandstone covered with red earth. 

Sandstone in two beds, locally underlaid by fourteen inch 

bed of ore. 
Yellow sandy shales, much disturbed by slipping. 
Top of sandstone in solid ledges five feet. 
Foot of sandstone. 

Fossilliferous sandstone, fine grained, probably united by 
a calcareous cement; the fossils are calcareous; locally 
this is the place of the "top hill Bastard limestone ore." 
The fossiliferous bed is eight inches thick, and lies be- 
tween thin beds of sandy shales. 
Sandy shales fifteen feet thick. 
fTop of black streak 10 to 15 inches thick. 
I Brown-red fire clay. 
'Brown-red fire. clay. 

Block ore beds, (from 147.8 to 156. are the beds produc- 
ing the fifteen feet red streak or band.) "Eed block" of 
the furnace men, ten to twelve inches thick. 
Sandy and clay shales alternating. 
Top of five-foot red streak. 

Whitish shales, argillaceous above and sandy below. 
Top of sandstone, four ledges. 
Sandstone. 
Clay shales. 

Sandstone in shale beds eighteen inches thick. 
Sandstone one foot thick in sandy shales. 
Sandstone eighteen inches thick in sandy shales. 
Thin sheet carbonate of iron, two to three inches thick. 
Top of Clinton Furnace coal. 
Mouth of entry ditch, fire-clay bottom. 
Sandy shales and shaly sandstone. 
Hard sandstone over cistern or well coal. 

The following section was taken from the equivalent measures of Car- 
ter county, about one and a half miles from Mount Savage Furnace. 
This section will illustrate the remarkable increase in thickness of the 
strata, as well as the great change in the materials composing them: 



178.8 


24.0 


164.8 


1.0 


153.8 


3.0 


160.8 


3.0 


147.8 


10.8 


137.0 


21.0 


116.0 


8.0 


108.0 


2.8 


105.4 


1.4 


104.0 


3.0 


101.0 


16.0 


85.0 


16.0 


69.0 


27.0 


42.10 


10.0 


32.0 


11.8 


20.4 


4.4 


16.0 


16.0 


.0 




6. 
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Section at Mount Savage, Carter county. This section starts at a point equivalent 

to thirty-iwo feet in the preceding section. 
Heighth. Thickness. 

Ft. lu. Ft. In. 

378.0 6.0 Top of hill near "Iron road." 

372.0 20.10 Top of heavy sandstone. 

351.2 10.6 Foot of exposed part of heavy sandstone. 

340.8 48.0 Heavy sandstone, top of steep slope. 

292.8 16.0 Argillaceous shales, highest point in road. 

276.8 1.0 Yellow streak. 

275.8 15.0 Red streak, large amount of small surface ort. 

260,8 10.8 Top of sandy shales. 

250.0 5.4 Soft sandy shales. 

244.8 16.0 Top of red streak, and foot of sandy shales. 

228.8 4.4 Top of yellow streak, and bottom of red sandy shales. 

223 4 5.4 Bottom of "Rough Block Ore;" three feet thick at this point. 

218.0 5.5 Foot of sandstone. 

212.8 16.0 Place of Kidney ore diggings in road. 

196.8 5.4 Place of lime.stone ore, as seen on next hill to the eastward, 

where the bed is extensively worked, both by stripping and 
drifting. 
191.4 16.0 Top of sandy shale. 

176.4 5.4 Top of bifick clay streak, between shales four and a half feet 

thick. (Place of coal?) 
170.0 32.0 Whitish clay. 

138 3.0 Sandy shales. 

135.0 14.0 Top of sandsloHii, twenty inche.-i thick. 

121.0 10.8 Ore diggings, "Grey Kidney Ore," in whitish argillaceous 

shale. Immediately above this ore bed is the five feet "Red 
Streak." 
110.4 10.8 Top of sandstone, twenty inches thick. 

99.8 6.4 Three black streaks, whitish clay between. 

94.4 10.8 Top of sandstone, fourteen inches thick. 

83.8 21.4 Top of black streak, one foot thick, under yellow shales three 

to four feet thick, (sandy.) 
62.4 6.4 Yellow streak, and lop of whitish earth gravel ore. 

57.0 4.8 Top o& sandstone in two beds, twenty inches thick, sandy 

shale between the bed, four inches thick. 
62.4 10.8 Top of sandstone, fifteen inches thick. 

41.8 26.8 Top of slope. 

15.0 15.0 "Iron road." 

0.0 Bed of branch, sixteen feet above Gum branch coal, equiva- 

lent to Clinton Fnrnace coal. 

Passing round the head of the Gum branch the different beds of 
ore* equivalent to the measures of the jJreoeding seOtion, have been 
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opened and extensively worked, on the slopes of the hills, at a greater or 
less elevation, depending on the displacement of the rocks. On the 
north side of the hill, from which the section was taken, a bed of block 
ore of excellent quality has been worked, about seventy-fite feet be- 
low the base of heavy sandstone capping the hill. This bed was not 
seen on the south side of the hill. 

Near Mount Savage Furnace two beds of coal are seen. The bed 
out-cropping near Straight creek, below the Furnace, is doubtless the 
equivalent of the Star Furnace (twin coal.) The bed opened above 
the furnace, and on the Gum branch, is the undoubted equivalent of the 
Clinton Furnace coal.* 

The following section is from the equivalent of the Clinton Furnace 

coal, worked near the Furnace, Mount Savage Iron Works: 

HeigMh. Thickness. 

Ft. In. Ft. In. 

27.6 20.0 Sandstone. 

7.6 3.0 Grey shales. 

4.6 2.0 Bituminous shale. 

2.6 2.6 Coal. 

.0 .0 Top of under-clay. 

Section of same bed, three-fourths of a mile to northeast, on Oum irancli. 

Heighth. Thickness. 

Ft. It. Ft. In. 

22.0 15.0 Slope, partially exposing sandstone. 

7.8 3.0 Three to ten feet grey argillaceous shale. 

4.8 1.2 Black rai-h with clay streaks. 

3.6 1.0 Bituminous shale. 

2.& 2.6 Coal 1.6 to 2.6 inches. 

.0 .0 Top of under-clay. 

This out-crop faces the N. E., and the covering rock is much softer 
than at the first section near the Furnace, which faces the S. W. It 
is quite common to find the same bed of sandstone softer where the ex- 
posure faces the north than where it faces the south. These sandstones 
are much less affected, by the action Of water and frost, on the south- 
ern than upon northern exposures. 

The last section has a horizontal elevation of about seventy-five feet 
above the first. The rocks dip down the Gum branch toward Straight 
creek. 

•See stction at Reilej'B Catlett'a creek coat. 
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To the north, one-fourth of a mile, the same coal is seen near the 
road side, from one hundred and fifty to one hundred and sixty feet 
higher than the Gum branch section, no doubt by displacement occa- 
sioned by a fault, which has let down the Gum branch coal and its 
measures, or has lifted up the measures, on the north, or hill side. The 
line of this fault runs up the left hand branch of Gum branch 
by a course to the northwest. It is probable that it crosses the ridge at 
the head of the ravine. Its extent and character has not been partic- 
ularly examined. Passing down Straight creek, a short distance below 
the Furnace, the equivalent of the twin coal of the Star Furnace, Cat- 
lett's creek, &c., is seen with the associated materials, on the north side 
of the creek. It is probable that a continuous section of all the beds 
may be obtained on this creek, from the Stiijson creek cannel coal to 
the top of the section at Mt Savage. The materials under the twin 
coal, were seen in place here. A fine grained sandstone, lying in beds, 
from six to eighteen inches in thickness, forms the first member ^be- 
low the under clay of the coal, and is about twelve feet thick. The under 
clay here is from two and a half to three feet thick. Under the sand- 
stone bed, above alluded to, lies a bed of ash colored shales, which ia 
no doubt the equivalent of the shale beds seen at the foot of the ridge 
between Greenup and Buena Vista Furnaces. The same mass of shale 
is well presented in the coaling grounds of the Star Furnace on Cane 
creek, about two and a half miles south of Greenup Furnace, where a 
thin bed of coal may be seen in the shales twelve feet below the sand- 
stone. This coal begins in a thread-like line on the north, and increases 
toward the south, in half a mile to fourteen inches thick. It has no 
under-clay. From the mouth of Straight creek, in the direction of 
the road to Grayson, the measures, rise but they have not yet been traced 
by the detailed survey. The sandstone above the lowest coal, in this 
part of the basin, is seen in the bed of the little fork of Little Sandy, 
at the first crossing below the mouth of Straight creek, also three 
fourths of a mile lower down the little fork, fifty feet above the level 
of the stream. 

At the salt wells on Little Sandy, the brine is found in the upper 
part of the millstone grit. It may be possible that the bottom of the 
wells do not penetrate the millstone grit, but reach only the fractures 
through which the brine rises. The shale beds resting on the mill- 
stone grit here are of no great thickness. Passing down Little Sandy, 
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about a mile below Grayson, the millstone grit is seen on Barrett's 
creek, and the sub-carboniferous limestone, about one and a half miles 
above the intersection of the road with the creek, where the same order 
is observed as on the turnpike, which fully confirms the previous re- 
marks made in reference to the sub-carboniferous limestone, on the N. 
E. side of the dividing ridge between Tygert's creek and Little Sandy. 
The measures are decidedly thinner on Barrett's creek, than where the 
turnpike crosses Tygert's creek, but no detailed measurements have 
been made here. 

The Kenton salt well is situated in the bed of Tygert's creek, which 
is here worn down into the knob-sandstone. The well is on the farm of 
Mr. Jacobs, about six miles northwest of Grayson. 

On the west side of the creek the following section was obtained: 
Section near Mr. Jacobs' house. 



Eluvation of hill at Mr. Jacobs' house. 

Top of millstone grit. 

Sub-caiboniferfjus limestone in place. 

Drab shales in place. 

Ledge of Knob sandstone in place. 

Bed of Tj'gerl's creek on Knob sandstone. 

In the bed of the creek, at the base of the above section, are seen 
numerous lines of fracture, cjot^fsing the creek by a course N. 30" E. 
From one of these fracttirea rises the brine, which was manufactured 
into salt on the first settlement of the country by Simon Kenton. 

On the east side of the crepk one-fourth of a mile from the Kenton 
well are scveriJ caves which are ibrnieii in a local bed of coarse grind- 
stone grit lying iuim^diauily under the sub-carboniili-uus limestone. 
The grains uf sand forming the giiinbtone grit are probably cemented 
by a cfilcar^ous cement and the rock is the cavernous member of Car- 
ter county. In some localities the bedding fac^^s of this rock is thickly 
stucMed lyith angular fragments of Hornstone or flint. Extensive dig- 
gings may bo observed in many place-^^ in thJs neigiiborhood, at I be out- 
cr(;p of tiio .'JiilioarljGnH'ei'C'H.j. limowtuiie, ofton cove i'log half an aero or 
more of ground. The excavations are shallow, only about six or seven 
feet deep. The people of the country have various opinions as to the 
origin and object of these works. Some of the old workings having 
been recently oplened^ a good opportunity was thus afibrded tb make 



HeigUh. 


Tkichne 


Ft. In. 


Ft. In, 


164. 


32.4 


131.8 


31.4 


100.4 


13.4 


90. 


67.0 


42. 


42.1) 


0. 


0. 
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au examination. The materials thrown from the recent opening were 
a reddish friable earth, fragments of limestone, fragments of flint, and 
kidney shaped seggregatious of flint, weathered out of the adjacent 
limestone. These are quite symmetrical, about five inches long, three 
inches wide, and from one and a half to two and a half inches thick. 
They split at right angles wilh the long diameter, and perpendicular 
to the thickness, thus producing long oval pieces with parallel faces. 
The largest produced are four inches long, from one and a half to two 
and a half inches wide, and from a quarter to three eighths of au inch 
thick. Bushels of the ends of these nodules were discovered near 
some of the workings, with some fragments of the oval pieces, few or 
none in an entire stute, hence I infer that these diggings were made 
by the aborigines of the country for the purpose of procuring the ma- 
terial from which they made their arrow-heads. 

Where the grindstone grit was observed, on the first branch above 
Mr Jacobs' farm, it separates into slabs from three to six inches thick, 
in the line of the deposition of the sand, which forms an angle of 
30° with the superior and inferior faces of the regularly stratified layers. 
These rocks will n'Jbrd good grindstones, both for neighborhood use and 
shipment. The bed is, as we have said, local, and does not cover a very 
great extent of country. For the present 1 refer them to the upper mem- 
bers or last beds of the knob-stone division of the sub-carboniferous 
rocks. Its thickness varies Irom a few inches to twenty-five feet. I.Iy 
examinations were next directed across the draiuagf of the country, 
nearly north from the small creek entering Tygert's creek at the nar- 
rows, to Grassy creek, and thence over the hills to the North fork; thence 
to a large creek called Three Prong; (not laid down on Millne & Bru- 
der's map;) thence down Three Prong, three-fourths of a mile ; thence 
across the hUls to Leatherwood creek ; thence down that creek two 
miles ; thence across the hills to the head branches of the south fork of 
White Oak creek, and Kenton Furnace; thence down White Oak by 
the road to Greenupsburg; then with the line of the Ohio river to 
Springville. 

All the creeks crossed by this routs to Greenupsburg have thin beds 
of this grit on the knob-stone, which sometimes rises sufficiently high to 
compose the entire dividing ridge; at other localities a thin capping of 
sub-carboniferous limestone and miUstone ^rit; at others, in addition, a 
few feet of the lower member of the Coal Measures, are to be found on the 
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top of the highest ridges. Along the entire line from Tygert's creek 
there is manifestly a thinning of the sub-carboniferous limestone, mill- 
stone grit, and the Coal Measures, evidently marking the margin of 
the coal basin towards the northwest. It is highly probable that many 
of the beds found in considerable force east of Little Sandy river will 
be found, on examination, to have entirely thinned out, even before 
they reach that river; other beds lying three or four hundred feet 
higher in the series east of Little S.indy, may, on White Oak creek, 
be found resting on the millstone grit, which has thinned out to twelve 
feet, and here rests on the knobstone — the sub-carboniferous lime- 
stone having entirely disappeared. It is highly probable that the 
line of the margin of the b;isin was frequently changed, from the time 
of the deposition of the knob-stone to the end of the coal period. 

The coal basin being shallower near the margin, the measures be- 
tween the ore beds 'are much thinner here, and the ore beds much 
closer together here than east of the Little Sandy. There is reason 
to believe, from the evidence seen on my route from Tygert's creek 
to the mouth of White Oak creek, that the line of least disturbance 
during |the coal period, was not far from this line ; where the route 
crossed JGrassy creek the line of least disturbance was three or four 
miles to the northwest. It is worthy of particular note that the fer- 
ruginous depositions have here extended to the edge of the basin, and 
ferruginous materials have been infiltered, or have even run over the 
denuded sub-carboniferous limestone, as may be well observed at the 
limestone quarry of the Kenton Furnace. 

Beds of reddish marly clay are frequently seen resting on the mill- 
stone grit, from five to ten feet in thickness. At every step, from Ty- 
gert to White Oak creek, are convincing proofs of the thinning out of 
the sub-carboniferous limestone and millstone grit; at some points the 
sub-carboniferous limestone either was never deposited, or has been 
swept away by denudation before the deposition of the millstone grit, 
which in some localities is seen resting on the knob-stone series: at 
other localities constituting a mass from twelve to twenty-five feet 
thick. The underlying member — the knob-stone — has, on the other 
hand, experienced an enormous expansion. At one locality it was found 
six hundred and thirty feet thick, without including a portion of the 
base of the formation under the drainage. 
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The lowest ore bed observed locally rests on a bed of chert; the 
same bed, when the chert is absent, rests on the sub-carboniferous 
limestone and frequently fills fisures in that rock, extending down to 
the top of the knob-stone. The ores found in this geological horizon 
belong to the liematitic class. 

On Grassy creek a new furnace is in process of erection. The stack 
is built upon and into the masses of the knob-stone, the lower part 
being excavated into the solid mass of this member in place, the ma- 
terial for the walls and inner lining are obtained from the same forma- 
tion. I think it extremely doubtful whether this stone will be found 
to stand fire well. 

The ores on which the main dependence is placed to supply the fur- 
nace lie on the top of the hills, associated with the chert bed of the 
sub-carboniferous limestone. I visited some of the localities where 
the ores are now being tested, at one, lying one and a quarter miles 
from the furnace, the ores are found between chert beds, and are of va- 
riable thickness ; from one inch to ten or fifteen. The bed on which 
the ores rest slopes toward the valley at an angle of about fifteen de- 
grees, and is of a very uneven surface, full of irregular shaped civities, 
of unequal size and depth, the margin of these cavities touching the 
margin of all surrounding ores. It is into these holes that the ore 
has infiltrated, filling some and partially filling others, leaving a surface 
of ore and a few points of the bottom to form a surface somewhat less 
rough than the bed on which the ore rests. Upon this last surface rests 
a bed of chert and the debris of the millstone grit above it. The opin- 
ion expressed at the furnace is that the best ores lie at the head of 
Grassy, or to the west. In my opinion the best and most abundant 
ores are to be sought down Grassy or to the east. 

The following section was taken at one of the ore beds of Grassy 
Furnace : 

Heighth. 1 hickness . 
Ft. In. Ft. In. 

48. 23.0 Top of hill; masses of millstone grit. 

25. 25.0 Foot of millstone grit; covered space. 

0. Ore bed from one inch to fifteen inches thick, resting on a 

bed of chert. 
Some few of the highest ridges north of Grassy, and south of 
Three Prong, are capped by a few feet of the materials forming the 
base of the Coal Measures; and the ore beds, equivalent to those 
47 
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worked at Kenton Furnace, may be found in some of them. The 
valleys are from one hundred and fifty to three hundred feet deep, and 
as before stated, isre in part or entirely sunk into the masses of the 
knob-stone. The sides of the valleys are in many places perpendicu- 
lar walls. 

In traveling through the country, from one valley to another, the 
small branches aie usually followed Id the top of the dividing ridge; 
the ridge i.s then followed until another suitable branch ofiers for the 
descent into the next valley. Good roads, except by the lines of the 
valleys and branches, are an impos.sibility. Practicable roads may be 
had along the valleys. 

The re-marks, in reference to the dip of the rocks, and their conform- 
abiiity to the contour of the hills made of the measures upon Triplet's 
creek, are equally applicable here, and of the whole line traveled from 
the narrows of Tygert's creek to <ireenupsburgh. 

Section on Whitr Oak, near Kenton Furnace. 

less. 

Top of hill. 

Red streak, shown by road wa.sh. 

Loose chert fn road. 

Top of second bench of knob-stone. 

Foot of abrupt part of hill. 

Bed of white oak creek. 
On the north side of this hill ores are now being dug. A section 
was carried from these openings, and the place of the ores located in 
the foregoing section. 

Srciiov on north sir/e of hill. 
Heighth. Thickness. 

Ft. In. Ft. In. 

272. 15.6 Top of hill, and top of the foregoing section. 

266.6 15.6 Top of thin masses millstone grit? and locally, place of clay 

ironstone. 
241. 10.4 Base of sandstone; millstone grit? 

228. 0. Top of block ore, six to eighteen inches thick, under ten 

feet four inch clay shales. 
There is a thin bed of shales under the ore bed, which rest on the 
knob-stone. It may be possible that the sandstone quarried as mill- 
stone grit in the above section, may be one of the sandstones of the 
Coal Measures. If this be the case the sub-carboniferous limestone 
and millstone grit are both absent at the place of the section. 



Heighth. 


riiickne 


Ft. In. 


Ft. Ii 


272.10 


36.2 


236.8 


20.8 


216.0 


16.6 


200.6 


185.0 


15.6 


15.6 


.0 


0.0 
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The bed of ore heretofore worked at the Kenton Furnace, lying un- 
der and in the fissures of the sub-carboniferous limestone, is probably 
of the same geological period as the ore beds under the chert at some, 
and upon the beds of limestone in other, localities. The ores in the 
fissures of the limestone at Kenton Furnace are peculiar to this locali- 
ty, so far as I am at present advised. 

From the mouth of Little Sandy, river and for some distance up 
that stream, the knob-stone forms the mass of the hills, which have a 
capping of the superior measures of from fifty to seventy-five feet. 
The remark is equally applicable to the river hills of the Ohio. From 
the mouth of Sandy to Springville along the line of the Ohio river 
hills, in a few places, are found beds of limestone, probably belonging 
to the sub-carboniferous period. 

The following section, taken near Springville, does not include the 
entire thickness of the knob-stone division — part of the mass lies be- 
low the bed of the Ohio river: 

Heightli. Thickness. 

Ft. In. Ft. In. 

677.6 69 6 Top of hill. 

608. 22.0 Top of grindstone grit. Member of knob-stone? 

586. 218.0 Covered space, principally shales. 

3 8. 19.4 Top of ledges of rock, and foot of shales. 

348.8 17.6 Thick masses of drab-grey rocks. 

331.2 5.2 Thick masses of iron stained rocks. 

326. 6.2 Thick masses of blue-drab rocks. 

320.10 32.0 Ledge liesh-grey rocks. 

298.10 21.0 Ash-grey shales. 

277.10 28. Ash-grey shales vTith flagstones intercalated. 

149. 16. Slope covered by land slide. 

133. 91. River road. 

42. 42. Sawmill. 

0. Low water Ohio, October 1856. 

At a short distance from Gieouup Furnace is a thin coal, lying under 
the bed of Cc^lo creek. The opening.'^ into this coal, which is mined 
for blacksmith's use, wure faiiuii m, and uo measurement-^ cc.alo: be 

Liilde in lUC COLU. 

The following section was taken of the hill immediately above the 
coal: 



Heighth. 


Thiekness. 


Ft. In. 


Ft. In. 


164 10 


21.8 


133 2 


47.6 


86.6 


40.0 


26.6 


16.6 


10.0 


10.0 


0. 
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Top of hill at point. 

Second bluff. 

Top of first bluff, upper part of shales. 

Foot of sandstone bluff. 

Blue shales. 

Top of coal. 

This coal is slaty, and said to be eighteen inches thick. 

The following section is from the equivalent beds of the section last 
given, immediately opposite Greenup Furnace, where the materials 
composing the hill are better exposed: 

Section at Greenup Furnace. 



Top of hill, sandy shales. 

Foot of red streak. Some ore has been taken ont here. 

Top of black bituminous shale, eighteen inches thick. 

Top of thick sandstone, and foot of thin sandy shales. 

Foot of thick bedded sandslone. 

Thick bedded sandstone, thin bedded ledges 7 feet thick. 

Foot of thick masses sandstone, containing many casts of 

fossil shells, mostly spirifer. 
Top of shales above coal 16.6 inches thick. 
Top of coal, under bed of branch. 

The following section is from the point of the ridge between Green- 
up and Pennsylvania Furnaces, ascending, from the valley of Cane 
creek, by the line of the road from Pennsylvania Furnace to the quar- 
ry of limestone. The occlitiu ii^e^;,ius at the top of the eaudstone, at 
thirty-nine Icet in last section: 

Heighth. Thickness. 

Ft. In. io. In. 

244.8 16.0 Top of hill, loose rough sandstone^ 

228.8 11.8 Eough block ore bed. 

21'.0 44,4 Top of cov.-rvd slope. 

162.8 92.8 Soft sandstones on top of sloping corered space, mostly 
beds of sandy shale. 

70. 11.0 Foot of .'.icvp slipping- covered space, 

69. 52.4 Smil! ore in road. 

37.8 10.8 Bottom of bed of argillaceous shale. 

27. 7. Sandy sh.ales in place. 

20. 20. Top of steep rounded slope. 

0. Top of sandstone. 



Heighth. 
Ft. In. 


Thickn 
Ft. Ii 


144-8 


32.0 


112.8 


32.0 


80.8 


24.8 


66. 


6.0 


50.8 


13.0 


39.0 


17.8 


21.4 


21.4 


.0 


.0 


16.6 


16.6 
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About a mile to the northeast of the terminating point of the fore- 
going section, and on the same ridge, is the quarry from which the 
limestones used at Greenup Furnace are procured. 

The following section taken at this quarry will exhibit the arrange- 
ment here: 

Heighth. Thickness. 

Ft. In. Ft. Iq. 

42.10 26.6 Top of hill, covered space, loose sandstone on top. 

16.4 6.0 Surface exposed by cut at quarry. 

11.4 3.0 White argillaceous shale. 

8.4 1.0 Black clay streak. 

7.4 3.3 Silicious argillaceous clay, 

4.1 .6 Limestone ore bed. 

3.7 1.4 Blue-grey sandy shales containing numerous silicious se- 
gregations, hard and compact. 

2.3 .6 Ledge of limestone. 

1.9 1.0 Ledge of limestone. 

.9 .9 Ledge of limestone. 

^0.0 .0 Blackish sandy shales, with carbonaceous parting.'?. 

It was very desirable, that this limestone should be traced to other 
localities. Its geological place could be traced, but owing to the soft- 
ness of the covering masses no outcrop could be found. The thirty 
feet of materials immediately above are very soft, and the chances of 
the limestone being found in outcrop, unless exposed by a land slide, 
are rare indeed. 

About one hundred and fifty yards from the quarry, and on the 
east side of the same ridge, and nearly on the same horizontal level, 
is an ore bank which has recently been opened in argillaceous and 
fine sandy shale, producing beautiful, finf-textured, clear-bright red 
ore, in part, and part grey — "sec spcoimm 91, Greenup rMuniij!" This 
ore, in its external character, resembles the eisenhalMdn of Fallen- 
burgh, which you kindly furnished me for comparison with the Green- 
up county ores. The German ore possesses more evenness of fracture. 

About one fourth of a mile to the southeast of the ore bank last 
mentioned the hill is a few feet higher. An ore bed was formerly work- 
ed on the top of the sandstone, supposed to be the equivalent of the 
sandstone at the top of the eection at the quarry. 

The following section, taken .aom a sagia the top Of the ridge, will 
give a few feet of these measures ; 
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Top of hill capped by four feet clay shales. 

Sandy shale. 

Ledge of sandstone, one foot thick, in sandy shales. 

Bottom of red streak. 

Sag above limestone bed. 

In the vicinity of Greenup Furnace a thin bed of cannel coal is seen, 
lying high in the hills; it is eleven inches thick at the place of expo- 
sure. The coal lies ninety-eight feet below the top of the hill, and 
about one hundred and forty-six feet above the level of Cane run, at 
the furnace. It is probably the equivalent of the hlnnk streak, 18 
inches thick at 80 feet 8 inches, in the section opposite the Furnace. 



Heighth. 


Thick 


41. 


4.0 


37. 


21.0 


16. 


8.6 


7.6 


7.6 


.0 


.0 



CHAPTER IH. 

Report of the progress of the work on the base line. 

Uniontown, Union county, having been fixed as the initial point of 
the base line, iMr. Joseph h>. Harris, with his corps, No. 2, were detail- 
ed from the survey of Hopkins, Christian, and Muhlenburg counties, 
where that corps had been operating during the summer, to conduct 
this important work. 

An approximate determination of the latitude of the initial point 
was first obtained, at Uniontown, which gave the Iptitude of this 
place 37° 46' 4". 

A monument of stone, three feet long, was placed in the inclosure 
of Dr. John T. Berry, (marked, on the top, as "initial point of Base 
line, Kentucky Geological Survey.") The theodolite used for this 
work was six inches, No. 48, of Windeman make, Washington City, 
D. C. Reading to 02'. The chain was of steel, thirty-three feet, 
and adjusted by Christuman's patent two pole steel tape. 

Two sets of observations were made to determine the magnetic de- 
clination. It had been contemplated to make observations for decli- 
nation at distances not greater than six miles apart, along the entire 
line, but it was found to consume too much time, and the weather be- 
ing frequently unfavorable for such observations, those at No. 1,192 
and at No. 3,326 were the only ones found to be practicable. The first 
gave 5° 58' 4" east; the last 6° 22' 3" east* The direction of the line 
was checked, from time to time, by observations for azimuth, and such 
corrections made as were necessary. 

The distances made by the line are kept in feet. The base line was 
carried from Uniontown, Union county, to Wm. Smith's farm, near 
the Hawesville and Hartford road, Hancock county, 322,975 feet, or 
sixty-one miles eight hundred and eighty-five feet. The line was in- 
tended to run due east from the initial point to the Virginia state line, 
near the corner of Pike county, Kentucky. 

*This should be repeated; it is undoubtedly too great, unless part of the effect be attributed 
to local attraction. 



376 TOPOGRAPHICAL REPORT OF GEOLOGICAL SURVEY. 

At 187,369 feet, crossing of Green river. 

At 2.33,300 feet. Center of third street, Owensboro'. 

At 269,280 feet. Panther creek. 

At 296,318 feet, Knottsville. 

The plan of the base line will be plotted and ready for the report of 
the operatives of this summer, 1857. 

The map of Hopkins, part of Christian, and part of Muhlenburg, 
and the map of Greenup, part of Carter counties, &c., are also in n 
state of forwardness, and will also be ready for the engraver in July or 
August. 
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Fluor sjiar, Franklin county, - - - 

Forest growth of Campbell county, ... 

Forest growth of Harrison and Scott counties, 
Forest growth of Pendleton county, - - - 

Fox Run coal bank, section of - - - 

Frankfort, section near the arsenal, .... 

Franklin county geology, forest growth, &c., 

Franklin county limestones and soils, 

Gallatin county, geology of, - - ... 

Gordon coal bank, - .... 

Grant county geology of, ... 

Grassy Creek Furnace, - . - ... 

Grayson county iron ore and limestone, ... 

Green crops, plowed in, ...... 

Greenup county iron ores, pig iron, slag, coal and limestones, 

Greenup and Carter counties, topography of, - 

Greenup Furnace, coal near, - .... 

Greenup Furnace iron ores, 

Grigsby's white sulphur water. Nelson county, 

Grindstone grit, - 

Gum branch cnal, . . . . - 

Haddock's cannel coal, yield of oil <Scc., 

Hamby's coal bed, ..•-■•- 
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Hancock county coals, - - - . . - 

liardinsville sulphur spring, Franklin county, 

Harrison and Scott counties, geology of, 

Harrodsburg saloon spring, Mercer county, 

Harrod's creek, Jefl'erson county, section at, 

Hemp adapted to blue limestone soil, 

Hemp not so exhaustive as wheat, corn, and tobacco, 

Hillsboro', New Brunswick, coal analysis of 

Hood's creek, section at, ..... 

Hopkins county coals, 

Howell mineral spring, Hardin county. 

Hydraulic limestones, 70, 71, 72, 92, 97, 98, 99, 102, 104, 

Hydraulic limestone, near Elizabethtown, 

Hydraulic limestone, Grayson county. 

Hydraulic limestone, Jefferson county, ... 

Hydraulic limestone, Ohio county. 

Hydraulic limestone, Tarnowitz, 

Hydraulic limestones, Trigg county. 

Ice-house coal, Mulford's mine. Union county, analysis of, 

Illinois prairie soil, analysis of, 

Iron Furnace slags, Belk-raont Furnace, Bullitt countj% 

Iron Furnace slags, Buena Vista Furnace, Greenup county. 

Iron Furnace slags, Caroline Furnace, Greenup county, - 

Iron Furnace sl^gs, general table of, 

Iron in the soil, - - ... 

Iron ores, - - - - . 

Iron ores, Bellemont Furnace, Bullitt county, - - . 

Iron ores, Bullitt county, - - 

Iron ore, (carbonate) Butler county, analysis of. 

Iron ore, (carbonate) Button-mould knob, BuUitt county. 

Iron ore, Campbell county, 

Iron ores, carbonates, general table of. 

Iron ores, carbonate of iron, Whitley county. 

Iron ores, carbonates of iron, Greenup county. 

Iron Dies, carbonates, Laurel county, ... 

Iron ore, carbonate, Pulaski county, 

Iron ores. Carter county, ...... 

Iron ore, Clinton county, analysis of, 

Iron ores, Edmonson county, - ... 

Iron ores, general remarks on, - - - . 

Iron ores. Grassy creek Furnace, ... 

Iron ores, Greenup county. 

Iron ores of Kenton Furnace, 

Iron ores, Laurel county, 
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Iron ores, limonites, Whitley county. 

Iron ores, limonites, general table of. 

Iron ore, limonite, Grayson county, 

Iron ores, limonite, Trig^r county, 

Iron ore, limonites. Union county. 

Iron ores, Lincoln county, 

Iron ores, Monroe county. 

Iron ores, Ohio county, 

Iron ores, Pulaski, county. 

Iron ores, Trigg county. 

Iron ores, Warren county. 

Iron ores, Wayne county, - . . 

Iron ores, Whitley county. 

Isinglass glade, section at, 

Jackson's coal, Ohio county, 

Janes' mineral spring, Washington county, 

Jefferson county, geology of, 

Jefferson county soils and limestones, 

JefiFerson county soil, 

Jefferson county wafer-lime, 

Jesse's (Reuben) mineral water, Woodford county, 

Kenton county, geology of, 

Kenton county, soil and growth, 

Kenton Furnace iron ores, 

Kenton Furnace, sections near, 

Kenton salt well, Tygert's creek. 

Knob formation, Bullitt county, 

Knob region soils. 

Lamb's creek coal. 

Land's coal. 

Laurel county iron ores and soil, 

Laurel Furnace iron ores, limestones, and iron, 

Lawrence county coals and limestone. 

Lead lodes of Crittenden and Livingston counties, 

Lesmahago Cannel coal, analysis of, 

Licking river, 

Liebig's experiment, on barren soil, 

Liebig's theory of agriculture. 

Lime, action of, on the soil. 

Limestones, Anderson county, analyses of, 

Limestone, bird's-eye. 

Limestone, blue, Fayette county, - 

Limestone, blue, from Woodford county, 

Limesi.ones, Bullitt county, analyses of, - 

Limestone, ferruginous, Lawrence county. 
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Limestones, Franklin county, ..... 172 

Limestones, general remarks on, - - 67,69,70,71,72,96,127 

Limestones, general table of, - - - - - 295, 296 

Limestones, Greenup county, - ... 178 to 207 

Limestones, hydraulic, 70, 71, 72, 92, 97, 98, 99, 102, 104, 208, 220, 252, 

263, 264 
Limestone, hydraulic, near Elizabethtown, 
Limestone, hydraulic, Ohio county, 
Limestones, hydraulic, Trigg county. 
Limestones, Jefferson county. 
Limestones, magnesian. Grimes', &c.. 
Limestone quarry near Pennsylvania Furnace, 
Limestone used as flux at Bellemont Furnace, 
Lincoln county mineral springs and salts. 
Little sandy river, section at, ..... 

Lithographic stones, - ... 

Livingston county, coal and coal beds, 
Llewellen coal bank, secuon at. Union county, 
Lofland coal bank, section at, .... 

Logan count}', sub-soil, .... 

Lunatic asylum, Lexington, sulphur well. 
Magnesium, chloride of, action of on animal economy, 
Magnesian limestone, - - - - 

Magnesian limestone, Bullitt county, analysis of. 
Mammoth well, Nelson county, ..... 
Marl, Union counry, 

Marston Hall coal bank, - .... 

Manures, preservation of, - .... 

Mayhall's, Judge, coal, analysis of, ... 

Milk sickness confined to a peculiar Geological region, 
Milk sickness. 
Millstone grit, &c.. 
Mineral food of plants. 
Mineral pitch, or bitumen, analysis of, 
Mineral spring, and well waters, .... 

Mine-al spring, alum spring, 

Mineral spring, Bedford, Trimble county, 

Mineral spring. Creel white sulphur, Marion county. 

Mineral spring Mrs. Hoskins' tested. 

Mineral spring, Howell, Hardin county. 

Mineral spring, Janes' Washington county, 

Mineral springs of Lincoln county, ... 

Mineral spring, Mammoth Well, Nelson county, 

Mineral spring, Neviens' Sulphur Spring, Lincoln county, 

MiAeral spring, Oliver Spring, Daviess county, 
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Mineral sprint, Paroquet Spring, 74 

Mineral spring, Rochester, Boyle county, 76 

Mineral spring, Yates' Boyle county, 75 

Mineral spring, Yelvington, Daviess county, 73 

Mineral water. Big Bone Lick, Boone county, .... 82 

Mineral water, Big Lick Sulphur Spring, Gallatin county, - - 80 

Mineral water, Campbellsville Sulphur, Taylor county, ... 78 

Mineral water, near Olarks' creek Grant county, - - - 80 

Mineral water, Epsom Spring, Trimble county, - - - 79 

Mineral waters general table of, - .... ^fgg 

Mineral water, Greenville Spring, Harrodsburg, Mercer county, - 82 

Mineral water, R. B. Grigsbys' White Sulphur, Nelson county, - 77 

Mineral water, Hardinsville Sulphur Spring, Franklin county, - - 81 

Mineral water, Harrodsburg, Saloon Spring, Mercer county, - - 82 

Mineral water, Reuben Jesse's, Woodford county, ... - 81 

Mineral waier Lunatic Asylum, Fayette county, .... 171 

Mineral water. Poison Spring, Grant county, 81 

Mineral water. Public Well, Bloomfield, Nelson county, - . - 76 

Mineral water, Washington Bells', Sulphur, Marion county, - - 78 

Mineral water, J. T. Weathers' Well, Nelson county, ... 78 

Mitchell Old field, 339 

Monroe county, iron ore and soil, - - - ... 245 

Monroe county, zinc ore, 2^^ 

Mount Savage, Carter county, sction at, 363 

Mount Savage coal banks, 364 

Mount Savage Furnace ores, -194 to 193 

Muhlenburg county, Airdrie coal, - - - - 250 

Muhlenburg county. Fades' coal, - - - - - 250 

Muhlenburg county, Roberts' Muddy river coal, .... 248 

Muhlenburg county. Walkers' coal, 247 

Mulford's main coal. Union county, analysis, of, - - - - 268 

Nevien's Sulphur Spring, Lincoln county. 76 

New Castle (England) coal, analysis, of, - - - 56 

. • - 20 
Nitric acid in rain water, . - - - 

19 
Nitrification. . . . - 

Nitrogen assimilation of by plants, ..---- 

Nolin Furnace ores, &c., &c., analyses, of, 169 

Nourishment of plants, theory of the, J^ 

Ohio county iron ores, &c., &c., - - - " 

Oldham coal bank, section at, - 

Oldham county geology of, 

Oliver spring, Daviess county analysis of. 

Ores, .--- 

Organic analysis of coals, process of, ----- " 

Organic matters in the soil, influence of, - - - " • 15,49 
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Owen county geology of, . . - - . 

Owsley county cannel coal, . . - . - 
Paroquet springs, Prof. Smiths' analysis of, 
Pates' coal, analysis of, - . - - - 

Pendleton county, geology of, - . - . 

Pendleton county forest growth of, ... 

Pennsylvania coal measures,' - - - 

Pennsylvania Furnace iron ores, Greenup county, - 
Pennsylvania Furnace, sections near, ... 
Petersburg coal measures at. 
Phosphoric acid in soil. 
Phosphate of lime in soils, &c., .... 

Pig'-iron, general table of, - 

Pig-iron, Laurel Furnace, Greenup county, 

Piichner's coal, Ohio county, 

Plants, nourishment of, - - - 

Poison spring. Grant county, .... 

Porosity of the soil, ... 

Prairie soil compared with red soil of Kentucky, 
Pulaski county, iron ores and coal, . . . - 
Public well, Bloomfield, Nelson county, - 
Quarternary soils, ...... 

Baccoon Furnace, iron ores, Greenup county, - 
Rain water, nitric acid and ammonia in, - 
Ramsay's New Castle coal, analysis of, - 
Red marly clay, - - .... 

Red soils and sub-soils, - - - - 

Reiley's mill coal, ..... 

Robinson's coal bank, ..... 

Rockcastle river, iron ore, Palaski county, 
Rochester mineral spring, Boyle county, - 
Rocky gap, section of coal bed at, - - 
Rotation of crops, .... 

Rotten sandstone of milk sick region, 
Russell county soil, .... 

Rust in grain, supposed cause of, - 
Salt springs, Owen ceunty, ... 
Salt well, Kenton, on Tygert's creek, ... 
Salt wells. Little Sandy, . . . . - 

Sandstones, Bullitt county, analyses of, - 
Sandstones, general table of, - 
Sandstone, Knob Formation, Bullitt county, 
Sandstone, ("Rotten,) of milk sick region, 

Sandy soil, improvement of, 

Scotch cannel cpal, analyses of, - - - - 
Scott ai^d Harrison Counties, geologj of, - 
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Sears' coal, Pulaski county, .... 

Section of Arnold's coal bank, .... 

Stciion in road from Ashland to Clinton Furnace, - 

Seciion at Barney's ridge, 

Section at Barrett coal bank, 

Section of Bart. Sis-k coal bank, 

Seciion at Bear Wallow, 

Seciion at Bellefont Furnace, .... 

Seciion of black band, bed di Stuart's creek, - 
Seciion five and a half miles above Brandenburtr, . 
Section, Breckinridge county, W. of Sinking creek, - 

Section at Buffalo creek, 

Section, bullitt-mould knob, .... 

Sections on Cane Run, - ... 

Seciion of Catlett's creek coal. 

Section on Clear creek, Marston Hall coal, 

Section, near head of west fork of Clover creek, 

Sections near Clinton Furnace, .... 

Sections, near Concordia, Meade county, 

Seciion of Dr. Cushing's coal bank, ... 

Seciion at Dorris and DolUon coal banks, 

Section at falls of the Ohio, . - - . . 

Seciion near Floydsburg, Oldham county, 

Seciion Fox Run coal bank, ... 

Section four miles above Glens Adit, Meade county. 

Section at Glens Adit, above Boonsport, Meade county^ 

Section at ore beds. Grassy creek Furnace, 

St-ctions near Greenup Furnace, 

Section at Harrod's creek, Jefferson county, 

Seciion at Hood's creek, - - - 

Section of bluff below Indian creek, . . - 

Seciion at Isinglass glade, - - - - 

Seciion near Mr. Jacob's House, . . . - 

Seciion on Kentucky river near Arsenal, Frankfort, - 

Section, knobs of Bullitt county, 

Section on Kentucky shore, oppc^te Leavenworth, - 

Sejtion at Llewelien coal bank, Union county, 

Seciion at Lofland coal bank, 

Sections at Mt. Savage, Carter county, - 

Section two miles above North Hampton, 

Seciion at Hiram Oldham coal bank, 

Seciion at P. M. Robinson's coal bank, - 

Section of coal beds at rocky gap, - 

Section at Little Sandy river, .... 

Section near Springfield, . . . - . 
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Section at Star Furnace, Carter county, - . . , . 353 

Section of Stinson creek cannel coal bed, ... . 352 

Section, succession of sub-carboniferous rocks in Breckinridge, Meade 

and Hardin counties, -- ..... 85 

Section of twin coal. - - - - - 355,358 

Section at Watson's bank. Union county, - - . 317 

Sections on White Oak, near Kenton Furnace, .... 370 

Section at Williams' creek tunnel, ... 355^ 355 

Shale, Breckinridge couniy, analysis of, - - - 138 

Sick spots in Franklin county, . . - - . - 114 

Silica in the soil and in plants, ..... 23 

Silicious mudstone, of beech flats, - - - - 38, 39, 73, 81, 108, 110 

Silicious shale, &c., beech ridge, Fayette county, . . 164 

Simpson couniy red sub-soil, - - . . 260 

Singleton's coal, - . . . . . 312 

Slate, black Devonian, Bullitt county, analysis of, - - 146 

Soils marls, &o., general table of, - .... 297, 298 

Soils, from various Kentucky formations, compared, - - 29, 42 

Soil, action of lime upon, - .... 20,24 

Soil from Adair county, analysis of, - . - . - 129 
Soil analysis, xitility of, ..... 33, 42, 120 

Soils from Ballard county, analysis of, - ... j 33 

Soils from Barren county, analysis of, - . - 136 
Soil from the Barren limestone, ... . . 32^ 43^ 44 

Soils, from beech ridge, Favette county, ..... ]62 

Soil, stiff clay, of the black Devonian shales, - - - 27 
Soils, blue limestone, 30, 32, 39, 47, 130, 150, 166, 167, 173 to 177,281 to 286 

Soil, blue limestone, cause of superiority of, ... 30, 32 

Soils of Boone county, ..... ]07 

Soil, Christian county, analysis of. . . - 147 

Soils, Clarke county, (Dr. Martin's) analyses of, .... 150 

Soils, Clinton county, analyses of, - - ... 153 
Soil from coal measures, - 32, 44, 47, 147, 166, 230, 254, 264 

Soils, comparison between Woodford and JeflFerson counties, - . 32 

Soil, Cumberland county, analy.'-is of. ...... 355 

Soil, Daviess county, analysis of, . ..... j^g 

Soil, drainage of, - ...... 26 

Soils, (dements of, ...... ]20 

Soils, Franklin county, ......... ^'^^ 

Soil, Illinois prairie, .,,... 286 
Soils, iiifluence of cropping upon, - -----41 48 

Soils influence of fallow on, - ...... oq 

Soils, influence of organic matters in, . . . . 15 49 

Soils, influence of i-ubjaceiit rock forraationa on, . - 38 42 

Soil, influence of tillage on, -...,,, oq 
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Soil, iron in, --.-.-.... 49 

Soil from Jefferson county, ...... 32^ 43^ 220 to 227 

S >il and forest g'lowih of Kenton county, ... . 108 

Soils from knob region, - - ... . 45 

Soil, Laurel county, . ... . . g.'SO 

Soil, Liebig's experiment on barren, - - . . . 15 

Soil, Logan counly, ...... .. 244 

Boils, mode of collection of, for analysis, - - - 9, 12t 

Soil, Monroe county, . . 246 

Soils and sub-soils. &c, O'Bannon's, Jefferson county, - 220 10 226 

Soil. Mr. Harris', Ohio county, . . 264 

Soils, phosphoric acid and phosphate of lime in, - - 24, 47 

Soils, porosity of, and action of air on, - - . - 25 

Soil of the pi-airies compared wilh red soil of Kentucky, . . 123 

Soils from quaternary formation, - - - - 32, 45, 133 to 135 

Soil, Russel county, - . - .... 259 

Soils, sandy, improvement of, . - - 25 

Soils, silica in, - - ... 23 

Soils, from upper silurian formation, - - 32, 220 to 227 

Soil Simpson county, red sub soil, - 260 

Soils, from sub-carboniferous formation, 46, 49, 129, 136, 153, 155, 244, 246, 

259, 260, 272, 286 
Soils, Union county, - - 264, 266, 266 

Soils, upper and lower silurian compared, - 32 

Soils, utility of chemical analyses of, - - - 38,42,120 

Soils, Wayne county, ... - . 2''3 

Soil, White Oak ridge, Jefferson county, . - - - - 227 

Soils, Whitley counly, ... 274 

Soils, Woodford connty, - - 281 to 286 

Springfield, section near, - ... 371 

Star Furnace, Carter county, section at, ... - 353 

Stinson creek cannel coal bed, section of, - ... 350 

Slratigraphical Geology, - 85 

Stuarts' creek black band bed, 344 

Sub carboniferous limestones, - ..... 313 

Sub carbnniferous rocks in Breckinridge, Meade and Hardin counties, 85 

Sub-carboniferous rocks ifec, knob formation, Bullitt county, - - 93 

Sub-carboniferous soils, 46, 49, 129, 136, 153, 166, 244, 246, 269, 260, 272, 286 
Sub soil, of blue limestone region, - - 31, 41, 151, 166, 167, 283, 284 

Sub soils, red, Fayette county, - - 166 

Sub-soil plowing, ... 26 

Sulphur Well, Lunatic Asylum, Fayette county, - - 171 

Sulphuric acid in soils, - 47 

Table of composition of carbonate of iron ores, .... 291 

Table of composition of coals, ■ 292 
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Table of iron furnace slags, - ...... 293 

Table of composiuon of limestones, ..... 295, 296 

Table of composition of limonite ores, ...... 289, 290 

Table of composition of mineral waters, .... 299 

Table of composition of pig irons, - - - 294 

Table of composition of sandstones, - - 294 

Table of composition of soils, marls &c., - ... 297, 298 

Table of composition ot' vegetable ashes, - - - 300 

Tarnowi(z badraulic limestone, ..... 72 

Tar spring, Edmonson county, bitumen from, ... 87,138, 161 

Terry and Campbell's coal, - 312, 332 

Tillage of tlie soil, influence of, - - - - 20 

Timber of Carter county, .... 35g 

Tobacco, potash in the ashes of, ... ... 18,300 

Tobacco quatenary soil adapted to, ... 4g 
Topography of Carter and Greenup, Bourbon, Bath, Fleming, and Lew- 
is counties, ....... 349 

Topographical geological report, introductory letter, - - 305 
Topography of Hopkins, Crittenden, Caldwell, Christian and Hender- 
son counties, - - - 309 
Trimble county, gi-ology of, .... io4 

Trigo- county iron ores and limestones, - . 262, 264 

Tripletts' creek, - - . 3-19, 360 

Twin coal, section of, - - 355, 358 

Tvgerts creek, - - - - - - 350 

Union company's coal, - - - - ... 243 

Union county soils, marl, and coals, 264 to 270 

Upper Silurian soils, .... . 32, 220 to 227 

Upper and lower silurian soils compared, - . . . . 32 

Vine, culture of, -.--... 222 

Wnlker's coal, Muhlenhurg county, - ' ... 247 

Watson's coal bank Union county, section at, - - - . . 317 

Wayne county iron ores and soils, ... ... 270,274 

Weathers (J. T.) well water, Nelson county, 78 

Wevmss' cannel coal, analysis, of, ..... gg 

Whitlt-y county soils ang iron ores, 274,279 

Wigan cannel coal, analysis of, - - ... 59 

William's creek Tunnel, section at, 366,356 

Winn hill coal, - - - - 321 
Woodford county soils and limestones, - - - 279 to 286 

Woodford and JefTerson county soils compared, .... 32 

Wooldridges coal bank, - - - . 330 

Woodruff coal bank, 3:36 

Wright's ridge, 335 

Yates' mineral water, Boyle county, analysis of, • - • - 75 
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Yelvington Spring, Daviess county, analysis of, - - - - 73 

Yougliiogheny coal, of Pennsylvania, analysis of, - - - - 287 

Zinc ore, Monroe county, 68, 247 

Zinc, sulpliuret of, Franklin county, - - - - - • 114 



